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Object: To evaluate the effects of ultrasound-guided fine-needle aspiration with or without
negative pressure (FNA+P or FNA-P) on diagnosis of thyroid nodules.

Methods: A prospective randomized study was performed. Patients (n=1374, female=1094,
79.6%, male=280, 20.4%, age=48.7+12.5 yr) with thyroid nodules were randomly divided
into FNA-P (n=774, 56.3%) and FNA+P (600, 43.7%) groups. Thyroid nodules were
diagnosed by FNA-P or FNA+P, in the left (n=640, 46.6%) and right (n=734, 53.4%).
Results: The thyroid nodules were diagnosed as microcalcification (n=751, 54.7%), coarse
calcification (n=404, 29.4%), peripheral calcification (n=101, 7.4%) and mixed micro +
coarse calcification (n=118, 8.6%). Based on Bethesda classification criteria, the thyroid
nodules were cataloged as type I (n=217,15.8%), II (n=467, 34.0%), III (n=151, 11.0%),
V (n=333, 24.2%), and VI (n=206, 15.0%). There were no significant differences between
experimental groups diagnosed by FNA-P or FNA+P.

Conclusion: The results suggest that fine-needle aspiration with or without negative pres-
sure does not significantly affect the sensitivity of thyroid nodule diagnosis.

Keywords: thyroid nodules, ultrasound-guided fine-needle aspiration, negative pressure,
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Introduction

The epidemiological investigation has shown that the diagnosis of thyroid nodules,
a common clinical disease, is 3-7% with palpation, 19-35% with the high-
definition ultrasound, and 8-65% with autopsy.'” The prevalence of thyroid
nodules in different regions is different and affected by the race, age, sex, eating
habits, living environment, genetics, and iodine nutritional status. Some thyroid
nodules (5-15%) develop to the thyroid cancer.>~> The incidence of thyroid cancer
is rapidly increasing on a global scale, but the specific reasons are unclear.
According to the statistical analysis from the Shanghai Municipal Center for
Disease Control and Prevention, the incidence of thyroid cancer among men in
Shanghai in 2008 was 5.83 per 100,000, and the incidence of women was as high as
21.2 per 100,000. The incidence of thyroid cancer has jumped to the fifth place
among women who are prone to tumors. The Report on Incidence of Malignant
Tumors in Beijing Residents issued by the Beijing Municipal Health Bureau in
2012 showed that, from 2000 to 2012, the incidence of thyroid cancer increased by
223.75%, ranking the first among all types of cancer. Thyroid cancer was the most
diagnosed cancer among women under 30 years of age in China in 2015.°

Received: 22 April 2021
Accepted: 27 August 2021
Published: 10 September 2021

International Journal of General Medicine 2021:14 5475-5481 5475
© 2021 Thou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:gxh1204@163.com
mailto:chenxiaojun_dr@yeah.net
mailto:chenxiaojun_dr@yeah.net
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Zhou et al

Dove

Thyroid cancer not only seriously affects the physi-
cal health but also causes a heavy burden on mental and
psychological conditions of patients. Therefore, it is
necessary to accurately assess benign and malignant
thyroid nodules. The color Doppler ultrasound is the
preferred non-invasive examination for thyroid diseases
with high value in the diagnosis of thyroid benign and
malignant nodules. The malignant feature of thyroid
nodules under ultrasound imaging includes solid hypoe-
choic, microcalcification, irregular edges, nodule aspect
ratio > 1, and cervical lymph node metastasis.’

Since 1980s, thyroid nodule biopsy has become the
most accurate and efficient method to identify benign
and malignant thyroid nodules.® Ultrasound-guided fine-
needle aspiration (US-FNA) has been used to diagnose
thyroid nodules and cancers.” Ultrasound risk stratifica-
tion systems are also used for identification of papillary
thyroid cancer.'®'" FNA without negative pressure
(FNA-P) reduces the risk of blood contamination, but
FNA with negative pressure (FNA+P) increases the sen-
sitivity of the biopsy results.'? In the present study, we
have performed a randomized analysis of FNA with or
without negative pressure to compare the effects of two
methods for different types of thyroid nodules.

Methods

Patients

Between January 2016 and September 2020, 1374
patients were enrolled at The First Affiliated Hospital
of Wenzhou Medical University for suspected thyroid
nodules by FNA. The patients were randomly divided
into two groups, fine-needle aspiration without negative
pressure (FNA-P) and fine-needle aspiration with nega-
tive pressure (FNA+P) groups. The protocol of the study
was conducted in accordance with the Declaration of
Helsinki'® and approved by the ethics committee of
The First Affiliated Hospital of Wenzhou Medical
University (No. 2018-026). All patients signed the
informed consent.

US-FNA

The tests of US-FNA with or without negative pressure
(FNA+P or FNA-P) were performed under ultrasono-
graphic guidance using SonoSite S-Cath color Doppler
ultrasonic diagnostic apparatus, probe frequency 5-12
MHz. A 10-mL syringe and a 23-G needle were used
in the FNA+P approach. The needle attached to a 10-

mL syringe with an approximately 3-mL vacuum suc-
tion was inserted to the center of the mass under ultra-
through the
nodule were performed with back-and-forth maneuver

sonographic guidance. Several passes
from different orientations and then released when the
sample became visible in the hub of needle. The FNA-P
approach was performed by simply inserting the needle
to the center of the mass and waiting for the sample to
collect in the hub of needle via capillary action. The
operations were performed in the strict standards. The
evaluations were performed using a multihead micro-
scope, and the final decision was reached via consensus.
The thyroid calcified nodules were divided into 4 cate-
gories, microcalcification, coarse calcification, periph-
eral calcification, and mixed calcification (micro +
coarse calcification).'* The selected nodules are all cal-
cified. The inclusion criteria included (1) thyroid
nodules with calcification by ultrasound examination,
and (2) the maximum diameter > 5 mm. The exclusion
criteria included (1) the maximum diameter of the
nodule < 5 mm, (2) the results of preoperative blood
routine and coagulation function test suggesting abnor-
mal coagulation function, (3) continuing to take preo-
perative anticoagulant drugs such as dabigatran and
warfarin, and (4) with severe basic diseases.

Diagnostic Criteria

Cytology was based on Bethesda classification criteria,
including type I (specimen cannot be diagnosed or unsa-
tisfactory), type II (benign lesions), type III (follicular
or atypical follicular lesions that cannot be clearly
defined), type IV (follicular nodule/suspicious follicular
nodule), type V (suspected malignant tumor) and type
VI (malignant tumor). ">

Statistical Analysis

SPSS19.0 statistical software was used for statistical
analysis. McNemar test was used to compare the sensi-
tivity, specificity and positive types of calcified nodules.
P<0.05 was set as the difference with the statistical
significance.

Results

Diagnostic Measurements with FNA-P or
FNA+P

There were 1374 patients with thyroid nodules included
in this study, among whom 1094 were female (79.6%),

5476

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhou et al

and 280 were male (20.4%), with an age range of 12 to
90 years (48.7£12.5 yr), 564 (41.0%) >45 yr and 810
(59.0%) <45yr. The patients were randomly divided into
two groups, 774 (56.3%) in the group of fine-needle
aspiration without negative pressure (FNA-P) and 600
(43.7%) in the group of fine-needle aspiration with
negative pressure (FNA+P) (Table 1). By FNA-P or
FNA+P, thyroid nodules were diagnosed in the left
(n=640, 46.6%) and in the right (n=734, 53.4%)
(Table 1).

Pathological Diagnosis and Bethesda
Classification

The thyroid nodules were diagnosed as microcalcification
(n=751, 54.7%),"*'7 coarse calcification (=404, 29.4%),'®
peripheral calcification (n=101, 7.4%)'* and mixed micro +
coarse calcification (n=118, 8.6%) (Table 2). Based on
Bethesda classification criteria, the thyroid nodules were
cataloged as type I (n=217,15.8%), type II (n=467, 34.0%),
type III (n=151, 11.0%), type V (n=333, 24.2%), and type

Table | Patient Grouping and Thyroid Nodule Position

VI (n=206, 15.0%) (Table 2, Figure 1). Bethesda type IV
was not found in the diagnosed thyroid nodules.

Comparison Between FNA-P and FNA+P

Groups

Different types of thyroid nodules diagnosed by FNA-P
and FNA+P were compared (Table 3, Figure 1). In each
calcification of thyroid nodules with small (5-10 mm) or
large (>10 mm) size, patients in FNA-P and FNA+P
groups were analyzed (Table 3). Patients in the small
or large size groups were diagnosed as type I, II, III,
V and VI by FNA-P or FNA+P. The P value in the small
and large size groups was 0.445 and 0.711 in the micro-
calcification, 0.152 and 0.156 in the coarse calcification,
0.772 and 0.632 in the peripheral calcification, 1.000
and 0.794 in the mixed micro + coarse calcification,
respectively, without significant difference. The data of
this study were summarized in Figure 2. The results
suggest that fine-needle aspiration with or without nega-
tive pressure does not significantly affect the sensitivity
of thyroid nodule diagnosis.

Discussion
The ultrasound-guided fine needle aspiration (US-FNA)

Patient Grouping of thyroid nodule is a simple and safe procedure.
Typically, the biopsy is performed under ultrasound
FNA+P FNA-P Total .
guidance to ensure accurate placement of the needle
n % n % n within the thyroid nodule. FNA with negative pressure
600 437 774 56.3 1374 (FNA+P) is believed to increase the sensitivity of the
biopsy results.'” Recently, a study has shown that
Position of Thyroid Nodules . . .
negative pressure is not necessary for FNA to diagno-
Left Right Total sis of thyroid nodules.'? In our prospective randomized
n % n % n study, 1374 patients with thyroid nodules have been
diagnosed using FNA with or without negative pres-
640 46.6 734 53.4 1374 o )
sure. The results have shown no significant differences
Table 2 Classification of Thyroid Nodules
Type Micro Coarse Peripheral Mixed Total
n % n % n % n % n %
[ 94 433 65 30.0 37 17.1 21 9.7 217 15.8
Il 204 43.7 188 40.3 47 10.1 28 6.0 467 340
L} 9l 60.3 36 238 10 6.6 14 9.3 151 1.0
\% 225 67.6 75 22.5 4 1.2 29 87 333 242
Vi 137 66.5 40 19.4 3 1.5 26 12.6 206 15.0
Total 751 54.7 404 294 101 74 118 8.6 1374 100.0

Notes: Cytology was based on Bethesda classification criteria. Type I: specimen cannot be diagnosed or unsatisfactory; Type II: benign lesions; Type llI: follicular or atypical
follicular lesions that cannot be clearly defined; Type V: suspected malignant tumor; Type VI: malignant tumor.
Abbreviations: Micro, microcalcification; Coarse, coarse calcification; Peripheral, peripheral calcification; Mixed, mixed calcification (micro + coarse calcification).
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Figure | The percentages of calcifications and types of thyroid nodules cataloged based on Bethesda classification criteria.
Abbreviations: Micro, microcalcification; Coarse, coarse calcification; Peripheral, peripheral calcification; Mixed, micro + coarse calcification; FNA-P, fine-needle aspiration
without negative pressure; FNA+P, fine-needle aspiration with negative pressure; |, type I; II, type II; lll, type IIl; V, type V; VI, type VL.

between FNA-+P type
I (specimen cannot be diagnosed or unsatisfactory),

and FNA-P groups in

type II (benign lesions), type III (follicular or atypical
follicular lesions that cannot be clearly defined), type
V (suspected malignant tumor) and type VI (malignant
tumor). In this study, we did not find Bethesda IV

nodules in the fine needle aspiration, which may be
because type IV is rare in small size nodules and the
low incidence of follicular tumors. Our results match
the Bethesda classification criteria, where the fre-
quency of nodules is higher for categories I, V and
VI (total 54%), and lower for category II (34%).

https://doi.org/10.2147/)GM.S317087
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Table 3 Comparison of Different Types of Thyroid Nodules Diagnosed by FNA-P and FNA
Group Size (mm) Negative n 1 1 1] \ \4 P
n % n % n % n % n %
Micro 5-10 FNA-P 258 48 18.6 55 21.3 37 14.3 75 29.1 43 16.7 0.445
FNA+P 232 20 8.6 63 27.2 32 13.8 86 37.1 31 13.4
>10 FNA-P 138 14 10.1 51 37.0 I 8.0 35 25.4 27 19.6 0.711
FNA+P 123 12 9.8 35 28.5 I 8.9 29 23.6 36 29.3
Coarse 5-10 FNA-P 122 31 25.4 40 328 13 10.7 27 22.1 I 9.0 0.152
FNA+P 80 14 17.5 33 41.3 10.0 18 22.5 7 8.8
>10 FNA-P 122 15 12.3 72 59.0 9 74 14 1.5 12 9.8 0.156
FNA+P 80 5 6.3 43 53.8 6 7.5 16 20.0 10 12.5
Peripheral 5-10 FNA-P 35 14 40.0 I 314 7 20.0 2 57 | 29 0.772
FNA+P 15 7 46.7 5 333 | 6.7 | 6.7 | 6.7
>10 FNA-P 28 8 28.6 19 67.9 0 0.0 0 0.0 | 3.6 0.634
FNA+P 23 8 348 12 522 2 8.7 | 43 0 0.0
Mixed 5-10 FNA-P 32 6 18.8 5 15.6 5 15.6 28.1 21.9 1.000
FNA+P 24 4 16.7 29.2 5 20.8 3 12.5 5 20.8
>10 FNA-P 39 20.5 I 28.2 | 2.6 9 23.1 10 25.6 0.794
FNA+P 23 3 13.0 5 21.7 3 13.0 8 348 4 17.4
Sub-total FNA-P 774 144 18.6 264 34.1 83 10.7 171 22.1 112 14.5
FNA+P 600 73 12.2 203 338 68 1.3 162 27.0 94 15.7
Total 1374 217 15.8 467 34.0 151 1.0 333 242 206 15.0

Notes: Cytology was based on Bethesda classification criteria. Type I: specimen cannot be diagnosed or unsatisfactory; Type II: benign lesions; Type Il follicular or atypical
follicular lesions that cannot be clearly defined; Type V: suspected malignant tumor; Type VI: malignant tumor.

Abbreviations: Micro, microcalcification; Coarse, coarse calcification; Peripheral, peripheral calcification; Mixed, mixed calcification (micro + coarse calcification); FNA-P,
fine-needle aspiration without negative pressure; FNA+P, fine-needle aspiration with negative pressure.

Because the technique appears to have high sensitiv-
ity, US-FNA is used in diagnosing thyroid cancer.”® The
certain characteristics of nodules are associated with
thyroid cancer. Our results have shown the higher rates
of thyroid carcinoma in microcalcifications and mixed
micro plus coarse calcification of thyroid nodules. The
data are similar to previous studies, in which microcal-
cifications are a highly specific sign of malignancy.*'**
Although the size may affect the positive rate, we have
not found that the size of thyroid nodules has significant
effects on the US-FNA cytology. By using a prospective

randomized approach, the present study ensures the

similar results of FNA-P and FNA+P techniques in the
diagnosis of thyroid nodules, including thyroid cancer.
Therefore, the negative pressure may not be necessary
in ultrasound-guided fine needle aspiration of thyroid
nodule.

In summary, our prospective randomized study has
included 1374 patients with thyroid nodules diagnosed
using FNA with or without negative pressure. There are
no significant differences between FNA+P and FNA-P
groups in type I, II, III, V and VI. Therefore, the negative
pressure may not be necessary in ultrasound-guided fine
needle aspiration of thyroid nodule.
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’ Patients with thyroid nodules

Microcalcification Coarse calcification Peripheral calcification Mixed calcification
751 (54.7%) 404 (29.4%) 101 (7.4%) 118 (8.6)
FNA-P FNA+P FNA-P FNA+P FNA-P FNA+P FNA-P FNA+P
396 355 244 160 63 38 71 47
(52.7%) || (47.3%) (60.4%) || (39.6%) (62.4%) || (37.6%) (60.2%) || (39.8%)

Bethesda classification criteria ‘
Type | Type Il Type Il Type V Type VI

217 (15.8%) 467 (30.0%)

151 (11.0%)

333 (24.2%) 206 (11.0%)

Figure 2 A summary of the study on thyroid nodules diagnosed by FNA-P and FNA+P.
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