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Abstract: Objective: The study was to investigate the ultrasonic features of thyroid nodules related to the false
negativity in ultrasound-guided fine-needle aspiration (UGFNA) for suspicious malignant thyroid nodules. Methods:
The cytopathological findings, post-operative pathological findings and findings from follow up were retrospectively
analyzed in a total of 115 thyroid nodules, and the sensitivity, specificity, positive and negative predictive values
(PPV and NPV), accuracy rate, and AUC of UGFNA were determined. The nodules were divided into three groups:
false-negative group, true-negative group and true-positive group. In each group, the ultrasonic features (nodule
maximum diameter, multiple or solitary nodule, margin, shape, echotexture, calcification, blood flow pattern, taller-
than-wide on transverse view, and hypoechoic halo), sex, and age were analyzed to identify risk factors for false
negativity in UGFNA. Results: The sensitivity, specificity, PPV, NPV, accuracy rate, and AUC of UGFNA were 74.5%
(41/55), 95% (57/60), 93.2% (41/44), 80.3% (57/71), 85.2% (98/115) and 0.848, respectively. The maximum di-
ameter, taller-than-wide shape, margin, and calcifications of the nodules were related to the false negativity among
which the maximum diameter and calcifications of the nodules were independent predictors of false negativity
(P<0.05), but there were no significant differences in sex, age, multiple or solitary nodule, echotexture and blood
flow pattern (P>0.05). Conclusion: UGFNA is an effective diagnostic tool for thyroid nodules in ultrasound and help-
ful for clinical determination of appropriate treatment. The ultrasound characteristics of UGFNA benign nodule

should be cautiously evaluated to minimize the false-negative diagnosis.
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Introduction

Thyroid nodules have an increasing incidence
and have become the most common endocrine
disease. Ultrasound examination reveals 67%
[1] of individuals have thyroid nodules. Thus,
the identification of thyroid nodules is very
common in clinical practice before surgery, and
the clinical decision on the treatment of thyroid
nodules is of great importance. Generally, pati-
ents with asymptomatic benign thyroid nodules
usually need routine follow up, but surgical
intervention is for patients with malignant thy-
roid nodules. Under certain conditions, the be-
nign nodules also require ablation, such as
percutaneous laser ablation [2]. The American
Association of Clinical Endocrinologists, Asso-
ciazione Medici Endocrinologi (Italian Associa-
tion of Endocrinologists), and European Thyroid

Association Medical Guidelines for Clinical Pra-
ctice for the Diagnosis and Management of
Thyroid Nodules in 2010 provide clinical recom-
mendations for the diagnosis and management
of thyroid nodules [3]. They recommend ultra-
sound-guided fine-needle aspiration (UGFNA)
as the most accurate and cost-effective assess-
ment of preoperative thyroid nodules, which
helps to reduce the unnecessary thyroid nodule
surgery and improves the management of thy-
roid nodules. However, there are still limitations
for UGFNA because it has false-negative rate.
The false-negative rate is defined as the per-
centage of patients with benign cytology who
are later diagnosed with malignant lesions after
thyroidectomy. It is a great concern because it
reflects the miss-diagnosis of malignant lesi-
ons, which may delay the effective treatment,
leading to a poor outcome. Some studies have
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Figure 1. Ultrasound features of suspicious malignant thyroid nodules: A. Solid hypoechoic nodule with irregular
margin and taller-than-wide shape. B. Solid hypoechoic nodule with extrathyroidal extension and taller-than-wide
shape. C. Thyroid nodule with irregular margin and intranodular vascularization. D. Solid hypoechoic nodule with
microcalcification (arrow).

attempted to explore the potential causes of
false negativity, and reveal that the operator’s
experience, method of guidance, accurate
localization of the lesion and the needle, num-
ber of aspirations, sampling technique, needle
gauge, capability for immediate onsite cytologi-
cal analysis, and other factors are related to
the false negative rate [2, 4, 5]. However, to our
knowledge, limited studies have been conduct-
ed to analyze the ultrasonic features of thyroid
nodules with false-negativity. This study was
undertaken to investigate the feasibility of
ultrasonic features of thyroid nodules in the
prediction of false-negativity of UGFNA. In this
study, the findings from cytological examination
after UGFNA were compared with postopera-
tive histopathological findings and those from
clinical follow up, and factors related to the
false negativity were explored, which may help
to improve the diagnostic accuracy of UGFNA.

Materials and methods
Subjects
Thyroid nodules were diagnosed in accordance

with the 2010 AACE/AME/ETA guidelines for
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ultrasound-suspected malignancy. A total of
255 patients with thyroid nodules who recei-
ved UGFNA between September 2015 and
December 2016 in the First Affiliated Hospital
of GuangXi Medical University and the First
Affiliated Hospital of GuiZhou Medical Univer-
sity were retrospectively reviewed. The inclu-
sion criteria were as follows: 1), cytology-posi-
tive nodules were confirmed by pathology; 2),
cytology-negative nodules were followed up for
more than 1 year or pathologically confirmed;
3), for a patient with multiple nodules, one of
the nodules with the highest risk for malignan-
cy was examined. Exclusion criteria were as fol-
lows: 1), cytology-positive nodules weren’t con-
firmed by pathology; 2), cytology-negative nod-
ules were followed up for less than 1 year. A
total of 115 patients with 115 nodules were
eventually included for analysis. There were 87
females (75.7%) and 28 males (24.3%), and the
female to male ratio was 3:1. The mean age
was 41.3+16.1 years (range: 13-87 years). The
maximum diameter of these thyroid nodules
ranged from 0.6 cm to 5.4 cm (mean: 2.1+1.1
cm). There were no contraindications to UGFNA
in these patients, and informed consent was
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Table 1. Distribution of UGFNA results in 115
patients

UGFNA results Numlber of Percentage
patients
Positive malignant cells 27 23.5%
Suspicious malignant cells 14 12.2%
Follicular lesion/neoplasm 3 2.6%
Benign cells 63 54.8%
Undiagnosable 8 6.9%
Total 115 100%

Table 2. Summary of false negative results of
UGFNA

Case Age Sex UGFNA diagnosis Histology
1 35 Female Inadequate specimen PC
2 22 Female Nodular goiter FALMT
3 66 Female Nodular goiter PTMC
4 51 Female Nodular goiter PTMC
5 39 Female Nodular goiter FVPC
6 39 Female No tumor cells detected PTMC
7 32 Female Inadequate specimen PC
8 35 Female No tumor cells detected PC
9 59 Female No tumor cells detected  FVPC
10 54 Female No tumor cells detected PTMC
11 50 Female No tumor cells detected PTMC
12 56 Female Nodular goiter PC
13 32 Female Nodular goiter PTMC

14 33 Female Hashimoto thyroiditis PTMC

Notes: PTMC, papillary thyroid microcarcinoma; FVPC, fol-

licular variant of papillary carcinoma; PC, papillary carcinoma
(classical); FALMT, Thyroid follicular adenoma with local malig-

nant transformation.

signed before the ultrasound examination. This
study was approved by the Ethics Committees
of two hospitals.

Ultrasonic signs of suspicious malignancy

A variety of ultrasonic characteristics of a thy-
roid nodule have been associated with a higher
likelihood of malignancy, and no single ultra-
sonic feature or a combination of these fea-
tures is adequately sensitive or specific to all
malignant nodules. However, some features or
a combination of these features are predictive
for malignant thyroid nodules. These features
include microcalcifications, hypoechoic signs;
increased nodular vascularity, well-defined irre-
gular margin; taller-than-wide shape on trans-
verse view. The malignant thyroid nodule was
suspected if one or more of above features was
present (Figure 1).
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Instrument for UGFNA

The color ultrasound scanner with an ACUSON-
18L6HD UHF probe (SIEMENS S2000) was
used for the UGFNA with 5-ml disposable plas-
tic syringe and 23 G syringe needles.

Procedures for UGFNA

Before the examination, the patient was infor-
med of the procedures of UGFNA and the relat-
ed precautions. The bilateral thyroid and the
isthmus were scanned, and the location, size,
shape, internal structure and blood supply of
the thyroid nodules were evaluated for the
determination of the best puncture point and
path. Patients lied in a supine position with a
pillow under her/his shoulders, and the best
puncture point and path were determined
again. After routine disinfection, local anesthe-
sia was done with 2% lidocaine. The thyroid
nodule was punctured under the guidance of
ultrasound with avoidance of blood vessels,
nerves and trachea, as well as cystic necrosis.
The tumor was punctured at different direc-
tions and the needle was withdrawn quickly
when the light red debris were found at the
needle cap. Then, the tissues were smeared
evenly on the slide. The wound was pressurized
for 10 min to prevent hematoma.

Diagnostic criteria of cytology

According to the 2010 AACE/AME/ETA guide-
lines for the clinical practice for the diagnosis
and management of thyroid nodules, the cyto-
logical findings were categorized into 5 types
[3]: positive malignant cells, suspicious malig-
nant cells, benign (non-neoplastic) cells, follicu-
lar lesion/neoplasm, and undiagnosable cells.
The positive for malignant cells, suspicious
malignant cells and follicular lesion/neoplasm
were regarded cytologically positive, and be-
nign cells and undiagnosable cells cytologically
negative.

Statistical analysis

The results of UGFNA were compared with tho-
se of pathological examination and those in
follow-ups. ROC curve of the UGFNA for diagno-
sis evalution was analyzed with MedCalc®
Version 1.4.2.0. The ultrasound characteristics
were compared by using univariate analysis
among three groups. Statistical analysis was
performed with SPSS version 17.0. Quantitative
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Table 3. Distribution of post-operative histopathological results (n=72)

test. Data with hetero-

Number of

geneity of variance we-

Histopathological results patients Percentage re compared with rank
Papillary carcinoma 50 69.4% sum test. The means
Thyroid lymphoma 4 5.5% between two groups
) ) ) ) and among three gr-
Thyroid follicular adenoma local malignant transformation 1 1.4% oups were compared
Thyroid adenoma 2 2.8% with independent t test
Subacute granulomatous thyroiditis 3 4.2% and one-way analysis
Hashimoto thyroiditis 3 4.2% of variance, respective-
Thyroid adenomatous hyperplastic nodules 1 1.4% ly. A two-sided P<0.05
Nodular goiter 7 9.7% was considered statis-
Toxic nodular goiter 1 1.4% tically significant. Ult-
Total 72 100% rasound chracteristics
with statistical signifi-
cance in univariate an-
UGFNA alysis were analysed with multi-
1 variate logistic regression to id-
100= entify independent variables of
R the false negativity.
B Results
80 |-
[ s The cytological findings in
B Specificity: 95.0 UGFNA
o Criterion : >0
> 680 A total of 115 patients received
s - UGFNA in this study. Of them,
E B Positive malignant cells were
> 40 '_ found in 27 patients, suspicious
malignant cells in 14, follicular
: lesions in 3, benign cells in 63,
B and undiagnosable cases in 8
20 (Table 1). Of patients with benign
B cells, nodular goiter was found in
= g 24 patients, toxic nodular goiter
:i : in 4, subacute thyroiditis in 6,
0 T T T T T | subacute granulomatous thyroid-

100-Specificity

Figure 2. ROC curve of UGFNA for diagnosis evaluation. Notes: AUC=0.848,

SE=0.037, 95% CI (0.769, 0.908), P<0.0001.

Table 4. Diagnostic performance of UGFNA

Final results
UGFNA results - - Total
Malignant Benign
Positive 41 3 44
Negative 14 57 71
Total 55 60 115

data are presented as means + standard devia-
tion (SD). Rates were compared with Chi-square
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100 itis in 3, Hashimoto’s thyroiditis
in 8, no tumor cells detected in
15, adenoma in 1, hyperthyroid-
ism with adenomatoid hyperpla-
sia nodules in 1, and nodular goi-
ter with adenomatous hyperplas-
tic nodules in 1. Of patients with positive cyto-
logical results, thyroid lymphoma was found in
4 patients, and thyroid papillary carcinoma was
noted in 37.

Post-operative pathological results and clinical
results in follow up

Of 44 patients with positive cytological results,
post-operative pathological examination show-
ed malignant cells in 41 patients and benign
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Figure 3. A 51-year-old woman with solid thyroid nodule in the right lobe. The nodule had the maximum diameter of
12 mm. A. Ultrasound examination showed hypoechogenicity, well-defined irregular margin, taller-than-wide shape
and microcalcification in the nodule. B. The cytological examination after UGFNAC shows nodular goiter (hematoxy-
lin and eosin [H&E] staining, magnification x100). C. Pathological examination after thyroidectomy shows thyroid
papillary microcarcinoma (0.2 cm) (H&E, magnification x200).

cells in 3 patients (follicular epithelium of the
papillary atypical hyperplasia in 1 and deno-
mas in 2 patients). Of 71 patients with cytologi-
cal negative results, 28 patients underwent
surgery during the follow-up period, of whom
malignant nodules were found in 14 patients
(false-negative results were noted in these
patients [Table 2]) and benign nodules in 14
(subacute granulomatous thyroiditis in 3, Has-
himoto’s thyroiditis in 3, toxic goiter in 1, and
nodular goiter in 7 patients); remaining 43 pati-
ents received follow-up by ultrasound examina-
tion for more than 1 year and no significant
change was observed (thyroid nodules were
regarded as being benign). Thus, a total of 55
patients were diagnosed with malignant thyroid
nodules, of whom postoperative pathology con-
firmed thyroid papillary carcinoma in 50, thy-
roid lymphoma in 4 and thyroid follicular adeno-
ma with local malignant transformation in 1
patient (Table 3).

Diagnostic performance of UGFNA

Pathological results and clinical results con-
firmed by follow up were regarded as the stan-
dard. Our results showed the diagnostic accu-
racy rate of UGFNA was 85.2% (98/115), the
sensitivity, specificity, PPV, and NPV of UGFNA
were 74.5% (41/55), 95% (57/60), 93.2% (41/
44), and 80.3% (57/71), AUC was 0.848, SE
and 95%CI were 0.0371, (0.769, 0.908), P<
0.0001 (Figure 2), respectively. These suggest
that UGFNA have a high consistency with the
final results (Table 4).

False-negative cases in UGFNA

False-negative results were found in 14 pati-
ents (12.2%) by UGFNAC: papillary microcarci-
nomas (n=7; 50%); follicular variant of papillary
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carcinoma (n=2; 14.3%); papillary carcinoma
(classical) (n=4; 28.6%); thyroid follicular ade-
noma with local malignant transformation (n=
1; 7.1%). The age, sex, UGFNA results and his-
tological results are summarized in Table 2).
Figure 3 shows a case of false-negative results
in UGFNAC.

Factors related to the false negativity in
UGFNA

UGFNAC results were compared with post-oper-
ative pathological examination, and then pati-
ents were classified as false negative, true neg-
ative and true positive groups. There are 14
patients in false negative group (preoperative
benign results and post-operative malignant
results), 14 in true negative group (preopera-
tive and post-operative benign results) and 41
in true positive group (preoperative and post-
operative malignant results). The ultrasound
characteristics were compared by using univar-
iate analysis among three groups. The maxi-
mum diameter, taller-than-wide shape, margin,
and calcifications of the nodules were related
to the false negativity, but there were no signifi-
cant differences in sex, age, multiple or solitary
nodule, echotexture and blood flow pattern
(Table 5). The ultrasound chracteristics with
statistical significance in univariate analysis
were analysed with multivariate logistic regres-
sion to identify independent predictors (Table
6), which were the maximum diameter and cal-
cifications with a mode of Y=0.0452-0.964X1+
0.459X2 (maximum diameter was X1, and cal-
cifications was X2).

Discussion
Aspiration biopsy of thyroid and neck mass was

first proposed in 1930 by Martin and Ellis [7],
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Table 5. Factors related to the false negativity of UGFNA

Factors FNG (%) TNG (%) TPG (%) x?/F  Pvalue
Sex
Male 1 (7%) 4(29%) 15 (37%) 5.272 0.072
Female 13 (93%) 10 (71%) 26 (63%)
Age
Mean * SD (years) 43+12.8 40.5+13.1 41.0+18.1 0.109* 0.897
Maximum diameter
Mean + SD (cm) 1.4+0.8 2.3+1.3 2.6£2.5 10.106* 0.006
Nodule number
Multiple 7 (50%) 7 (50%) 28(68%) 2.337 0.311
Solitary 7 (50%) 7 (50%) 13 (32%)
Nodule margin
Well-defined 11 (79%) 5(36%) 31(76%) 8.036 0.018
Ill-defined 3(21%) 9 (64%) 10 (24%)
Shape
Regular 2 (14%) 3(27%) 2 (5%) 3.285 0.193
Irregular 12 (86%) 11 (73%) 39 (95%)
Echogenic pattern
Hypoechoic 11 (79%) 7 (5%) 26 (63%) 11.439 0.076
Isoechoic 0 (0%) 0 (5%) 5 (12%)
Inhomogeneous 2 (14%) 6 (43%) 10 (25%)
Hyperechoic 1 (7%) 1 (7%) 0 (0%)
Calcifications
No 3(21%) 11 (79%) 11(27%) 18.315 0.019
Microcalcifications 4 (29%) 1(7%) 20 (49%)
Macrocalcifications 2 (14%) 1 (7%) 3 (7%)
Coarse calcifications 4 (29%) 1 (7%) 5 (12%)
Rim calcifications 1 (7%) 0 (0%) 2 (5%)
Blood flow pattern
None 11 (78.6%) 7 (50%) 25(61%) 11.096 0.085
Peripheral only 0 (0%) 2 (14.3%) 0 (0%)
Central 1(7.1%) 0 (0%) 4 (9.7%)
Chaotic 2 (14.3%) 5(35.7%) 12 (29.3%)
Taller-than-wide shape
No 9 (64.3%) 14 (100%) 27 (65.9%) 6.687 0.035
Yes 5 (35.7%) 0 (%) 14 (34.1%)
Hypoechoic halo
No 12 (85.7%) 14 (100%) 34 (82.9%) 4.474 0.107

Yes

2 (14.3%)

0(%)  7(17.1%)

Notes: FNG, false negative group; TNG, true negative group; TPG, True positive group. *,

F value.

and has been accepted and applied in clinical
practice since 1980s. With the development of
color Doppler ultrasound technology, ultra-
sound can clearly display the location, size, and
surrounding tissues of the thyroid, which is
helpful for the real time guidance of thyroid
puncture. Thus, puncture under the guidance of
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ultrasound has a high sa-
fety. To date, UGFNA of the
thyroid nodule has been
an accurate, effective and
economic method in the
diagnosis of thyroid nod-
ules, which may reduce the
need for additional imag-
ing and unnecessary sur-
gery [8, 9].

Thyroid nodules are very
common in general popu-
lation, a majority of thyro-
id nodules is benign, and
malignant thyroid nodules
account for only 5%-15%
[10]. In the present study,
61.7% (71/115) of patien-
ts were diagnosed with
benign nodules and 38.3%
(44/115) with malignant
ones by cytological exami-
nations. There is evidence
showing that great improv-
ing the detection rate of
malignant and also reduce
the unnecessary puncture
through the risk assess-
ment. Hence risk stratifi-
cation is essential before
biopsying them [11]. In
order to avoid over-treat-
ment, identification of be-
nign nodules from malig-
nant nodules is of great
importance. UGFNA is a
great tool for the differen-
tial diagnosis on thyroid
nodules, reducing the un-
necessary surgery, in the
present study, the malig-
nant results were found
in 47.8% (55/115) of pati-
ents, of whom thyroid pap-
illary carcinoma was noted
in 50 patients (90.9%; 50/
55). This indicates that pa-

pillary carcinoma is the most common malig-
nant thyroid nodule and UGFNA has a high PPV
for papillary thyroid carcinoma. Pathology in the
diagnosis of thyroid cancer mainly depends on
the structural changes in the nucleus. cytologi-
cal smear can more clearly display the struc-
ture of the nucleus than the histopathology did

Int J Clin Exp Med 2017;10(9):13473-13481
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Table 6. Multivariate logistic regression results for false negativity in

accurate diagnosis of PT-
MC. Therefore, to improve

the puncture technique is

UGFNA

B SE Waldx? P OR 95% Cl
Maximum diameter -0.964 0.474 4.146 0.04 0.381 0.151, 0.965
Nodule margin -1.062 1.059 1.006 0.32 0.346 0.043,2.755
Calcifications 0.459 0.235 3.821 0.05 1.582 0.999, 2.506
Taller-than-wide shape 0.206 0.718 0.082 0.77 1.229 0.301, 5.023

one of important way to
increase the diagnostic ac-
curacy of UGFNA, and ele-
vating the diagnostic cyto-

pathology is also critical [4].

Notes: maximum diameter as X1; calcifications as X2. Mode: Y=0.0452-

0.964X1+0.459X2.

[12], which can be employed for the early diag-
nosis. Thus, UGFNA cytology is the gold stan-
dard in the preoperative diagnosis of thyroid
nodules. UGFNA is usually performed on ultra-
sonographically suspicious nodules for further
treatment stratification or the thyroid with nod-
ular change before surgery [13].

The sensitivity of UGFNA ranges between 65%
and 98% and its specificity is about 73-100%
[14-17]. Muratli et al [18] reported that the sen-
sitivity and specificity of UGFNA were 87.1%
and 64.6%, respectively, and the PPV, NPV and
accuracy rate were 76.1%, 79.5%, and 77.3%,
respectively. In this study, the sensitivity and
specificity of UGFNA were 74.5%, and 95%,
respectively, and the PPV, NPV and accuracy
rate were 93.2%, 80.3%, and 85.2%, respec-
tively, which were consistent with previously
reported. However, UGFNA still has limitations
in the diagnosis of the thyroid. As shown in pre-
vious studies, the false-negative rate of UGFNA
was reported to be between 1% and 7.3% and
false-positive rate was about 1%-15.5% [14,
15, 18, 19]. In the present study, results sho-
wed the false-positive rate was 2.6% and the
false-negative rate was 12.2%, suggesting a
lower false-positive rate of UGFNA as compared
to previously reported. Samulski et al [20]
reported that the false negative rate of FNA
was 14.3%, which was consistent with our find-
ings. Table 2 showed the final pathological
results of false-negative nodules in cytology.
PTMC was found in 50% (7/14) of patients wi-
th false-negative results, PC in 28.6% (4/14),
FVPC in 14.3% (2/14) and FALMT in 7.1%
(1/14). The false-negativity in these 14 cases
might be ascribed to the unskilled technique,
small size of the nodular lesion, focal localiza-
tion of the lesion, insufficient tissues sampled
due to concern of focal bleeding, local lesion
necrosis secondary to by degeneration. This
reflects UGFNA has limited performance in the
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In the present study, results

showed small nodular size,
taller-than-wide shape, well-defined margin,
microcalcification and coarse calcification we-
re related to the false-negativity of UGFNA
(Table 5), among which the maximum diameter
and calcifications were identified as indepen-
dent predictors of the false-negativity of UGF-
NA by multivariate logistic regression analysis
(Table 6). The size of thyroid nodules was com-
pared among three groups, and results indicat-
ed that the smaller size of thyroid nodules tend-
ed to increase the likelihood of false-negativity,
which was also supported by previous studies.
Sakorafas et al [21] reported that it was diffi-
cult for the biopsy of small nodules which in-
creased the sampling error. Microcalcifications
are also common in malignant nodules. Coarse
calcifications are thought to represent dystro-
phic calcifications in fibrous or necrotic nodules
[22] and often seen in the nodules of multinod-
ular goiter. Some investigators consider it a fea-
ture of benignity [23]. However, coarse calcifi-
cations are significantly associated with the
false negativity of UGFNA in our study, which
was also consistent with previously reported
[24, 25]. Microcalcification or coarse calcifica-
tion should thus be considered an indication for
FN. Rare serious adverse reactions including
trauma occur during UGFNA, and only a small
number of patients have local pain, bleeding or
infection after UGFNA[27]. In our study, adverse
reactions were not observed, implying that
UGFNA has a good safety. However, clinicians
should also take cautions in the UGFNA to avoid
the injury to the blood vessels, nerves and tra-
chea; the puncture site should be pressurized
for 10 min after patients must press; the pres-
surization time should be prolonged if the nod-
ule is rich in blood flow.

In summary, UGFNA has a better accuracy in
the diagnosis for thyroid nodules. Patients with
negative results in UGFNA should be followed
up, and also should focus on thyroid ultrasound

Int J Clin Exp Med 2017:10(9):13473-13481
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risk stratification results and other clinical
examination, if necessary, review or re-UGFNA
[28], or even surgery are required to reduce the
rate of missed diagnosis [29]. Our results sug-
gest that the benign nodules in UGFNA should
be viewed with caution as false-negative resu-
Its, a close follow up or repeat UGFNA may be
considered if UGFNA shows a benign thyroid
nodule with small nodule size and microcalcifi-
cation or coarse calcification.
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