3 frontiers ‘ Frontiers in Endocrinology

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Salvatore Sorrenti,

Department of Surgical Sciences,
Sapienza University of Rome, Italy

REVIEWED BY

Eleonora Lori,

Sapienza University of Rome, Italy
Pietro Giorgio Calo’,

University of Cagliari, Italy

*CORRESPONDENCE
Ping Li
riliping@126.com

Bo Zhai
zhaiboshi@sina.com

SPECIALTY SECTION

This article was submitted to
Thyroid Endocrinology,

a section of the journal
Frontiers in Endocrinology

RECEIVED 12 July 2022
ACCEPTED 30 August 2022
PUBLISHED 17 October 2022

CITATION

Lin'Y, Shi Y-p, Tang X-y, Ding M, He Y,

Li P and Zhai B (2022) Significance of
radiofrequency ablation in large solid
benign thyroid nodules.

Front. Endocrinol. 13:902484.

doi: 10.3389/fendo.2022.902484

COPYRIGHT

© 2022 Lin, Shi, Tang, Ding, He, Li and
Zhai. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Endocrinology

TyPE Original Research
PUBLISHED 17 October 2022
p0110.3389/fendo.2022.902484

Significance of radiofrequency
ablation in large solid benign
thyroid nodules

Yan Lin, Yao-ping Shi, Xiao-yin Tang, Min Ding, Yi He,
Ping Li* and Bo Zhai*

Department of Interventional Oncology, Renji Hospital, Shanghai Jiao Tong University School of
Medicine, Shanghai, China

Objective: The aim of this study is to explore efficacy and safety for
radiofrequency ablation (RFA) among cases attacked by large benign solid
thyroid nodules, mainly focusing on volume reduction, complication rate, and
thyroid function.

Methods and materials: From June 2015 to November 2019, 24 patients with
25 large benign solid thyroid nodules (more than 25 ml) underwent single or
sequential RFA in our institution. Eleven nodules achieved complete ablation
after single RFA, whereas the other 14 nodules received sequential RFA. Volume
reduction in large nodules was evaluated. Following single or sequential RFA, all
patients received clinical and ultrasound evaluations, and the median follow-up
duration among them was 23.5 months. Technical success, complication rate,
and recurrence rate were assessed as well.

Results: In single RFA group, volume reduction ranged from 62.6% to 99.4%
(mean + SD, 93.6 + 9.9%) 6 months after RFA. In sequential RFA group, volume
reduction ranged from 30.6% to 92.9% (mean + SD, 67.4 + 17.8%) after the first
RFA and was between 83.4% and 98.4% (mean + SD, 94.8+ 3.8%) 6 months
after the second RFA. The concentrations of FT3 and FT4 increased slightly 1
day after RFA and returned to normal level 1 month after.

Conclusions: Single or sequential RFA is safe and effective in treating large
benign solid thyroid nodules (more than 25 ml) that cause obvious compressive
symptoms. Hence, compression symptoms and cosmetic conditions could be
effectively improved through single or sequential RFA without marginal
recurrence.
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Introduction

Thyroid nodule is a common pathological condition, and
detection rate for this condition is increased with advancements
in medical imaging technologies. The prevalence of thyroid
nodule is reportedly up to 40%-50% (1-3). Most benign
nodules show no symptoms and need merely routine
monitoring. However, around one-fifth of thyroid nodules
would expand (4). The growth of thyroid nodules may lead to
neck discomfort and cosmetic complaints, affecting patients’
daily life. Thyroid nodules near airway outside thorax would
squeeze upper respiratory tract and cause breathing problems to
different degrees (5). Therefore, large symptomatic benign
thyroid nodules should be treated actively and timely (6, 7).

Until now, total or partial thyroid surgery has become the
predominant therapeutic method for symptomatic thyroid
nodules, and surgery would be conducted merely when
nodules grow large (with a diameter more than 4 cm) or cause
obstructive and/or squeezing symptoms (4, 8, 9). Conventional
surgical operation could delete symptomatic nodules and
decrease malignant risks, but complications (impermanent and
constant) would attack 2%-10% of the patients, including scar
formation and iatrogenic hypothyroidism (10-12). Iatrogenic
hypothyroidism represents one ineluctable phenomenon
following total thyroidectomy and needs to be treated with
lifelong L-thyroxine replacement. Because of the risk of
complications, surgery is not proper among high-risk cases
and those worrying about operative complications.

In recent years, with the development of interventional
ultrasound, minimally invasive measures, like ethanol ablation,
laser ablation, and radiofrequency ablation (RFA), are applied in
treating thyroid nodules (13-17). RFA could be applied for
many kinds of benign lesions and malignancies (18-22).
Because of its advanced efficacy and safety and satisfactory
cosmetic outcome without incisions, RFA is also widely used
to treat benign thyroid nodules and malignant thyroid nodules
unsuitable for surgical operations and has achieved a robust
improvement in handling nodule-associated compression and
cosmetic issues through decreasing nodule volumes (23-25).
Single RFA is efficient for small- or medium-sized thyroid
nodules, and volume reduction ratio of this measure is
estimated to reach 84.1% and 79.4%, according to South
Korean (23) and Italian teams (25), separately. However, large

TABLE 1 The inclusion and exclusion criteria for the included patients.

Inclusion criteria

(1) Large solid thyroid nodules with the volume more than 25 ml;
(2) benign lesions confirmed by US examinations;

)
)
(3) reaching normal and clear cytologic results in US-guided core-needle biopsy;
(4) ordinary serum thyroid hormone degree and normal calcitonin level; and

)

(5) obvious neck symptoms or cosmetic concerns.
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thyroid nodules may require multiple treatment sessions (24),
more safety concerns, and higher ablation techniques.

In our research, we retrospectively checked efficacy and
safety for single or sequential RFA treatment regimen to
handle large benign solid thyroid nodules with a volume more
than 25 ml. Adopting single RFA, 11 large thyroid nodules in 11
patients were completely ablated, but 14 large nodules adjacent
to the trachea or extending to subclavian in 13 patients were not
completely destroyed for security reasons. Before sequential
RFA, these patients received ultrasound US examination to
verify that the absorption of ablation area met safety
requirements for the second RFA (Figure 1-3). In both
groups, all large benign solid thyroid nodules were destroyed
completely, and nodule volume was fully compressed without
significant influence on thyroid function. Therefore, assisted
with multiplanar hydrodissection technique, RFA regimen is
safe and efficient for large benign solid thyroid nodules.

Materials and methods

Our retrospective research obtained permission from the
Institutional Review Board of Renji Hospital. From June 2015 to
November 2019, 24 patients (six men and 18 women; aged
between 23 and 85 years; average age, 52.4 years) having 25 large
benign solid thyroid nodules received single or sequential RFA
treatment in our department. The inclusion and exclusion
criteria for enrolled cases were summarized in Table 1.

In this retrospective study, 11 large nodules in 11 patients
were completely ablated after single RFA, and 14 nodules with
residual areas close to important structures or extending to
clavicle in 13 patients underwent sequential RFA. In sequential
RFA group, three nodules were close to trachea tightly, 10 ones
extended to subclavian region, and one nodule was near to
esophagus. One, 6, and 12 months after first RFA, patients in
sequential RFA group, with residual nodules, received
Ultrasound US and Contrast-Enhanced Ultrasound (CEUS)
examinations to assess the therapeutic effect of the first RFA
and blood supply to residual areas. These patients were arranged
to receive sequential RFA treatment according to the reduction
of ablation zone. Before RFA and CEUS examination, informed
consents were singed by all cases, permitting to use their
clinicopathological records for our research. The same group

Exclusion criteria

(1) Contraindications to RFA;
(2) serious cardiopulmonary diseases;
(3) severe coagulation disorders;
(4) without available clinical records; and
(5) unwilling to receive RFA.
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of interventional radiologists in our team carried out RFA
procedures and recorded the treatment outcomes.

Pretreatment assessment

We carefully recruited cases with histologically diagnosed
benign thyroid nodules according to US-guided core needle
biopsy (CNB) or at least two separate US-guided fine-needle
aspiration biopsy (FNAB). Laboratory and clinical statuses for
all cases were assessed by two interventional radiologists prior to
therapy, whereas serum calcitonin degree was determined to rule
out medullary carcinoma. Serum thyroid functions (free T3, free
T4, and Thyroid Stimulating Hormone (TSH) levels) were
checked before RFA and 1 day and 1 month after each RFA,
respectively. US examinations were carried out for all patients
prior to RFA and 1, 3, 6, and 12 months after RFA, respectively.
For incompletely ablated nodules in sequential RFA group, 6
months and 12 months after the first RFA, CEUS would be
implemented to assess therapeutic effects including blood supply
to residual nodules and the reduction of ablation zone. The size,
characteristics, and vascularity of every nodule were analyzed
before and after each RFA. Three orthogonal diameters were
determined between the outer margins of the nodule (23). The
width and height of nodule were determined using axial image.
Lengths were determined utilizing sagittal image (26).

RFA procedure

Medsphere RF Generator S-500 with a 19-gauge, 7-cm
length of shaft, 0.5-cm or 1-cm active tip internally cooled
electrode (Medsphere, Shanghai, China) specifically designed
for thyroid lesions was applied for RFA treatment, which made it
easier to regulate and minimize normal tissue injury. RFA power
was adjusted to 40 W for the first RFA using an impedance
mode. For residual nodules that received sequential treatment,
RF power was adjusted to 20 W.

Enrolled cases were fasted for one night and received
operations in the morning. Prior to RFA, they lay down
adopting a supine position with the neck mildly extending.
Because discomfort may occur due to continuous injection of
sterilized water into tracheoesophageal space, accompanied by
large size of thyroid nodules, general anesthesia and tracheal
intubation were applied to avoid any disturbances during RFA.
Heart rate, blood pressure, respiration rate, and peripheral
oxygenation were monitored during RFA. In cases with
residual nodules, local anesthesia may be applied if residual
nodule was less than 1.0 cm in diameter. US and CEUS were
conducted before and immediately after each RFA (Figures 1A,
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B, E, F, 2A-C, B, F, 3A, B, F). Before RFA, appropriate route for
electrode was determined to prevent serious hemorrhage,
through carefully observing the location of vessels (anterior
jugular vein). With real-time US guidance, percutaneous RFA
was conducted on the basis of moving shot technique
(Figures 2E, 3E). Skin would not be incised to avoid
unnecessary scars. At first, active electrode tip was placed into
the deepest sites in nodules and went back to central and
superficial regions. Through such procedures, nodules were
destroyed under US surveillance.

Multiplanar hydrodissection technique

Before RFA, sterile water was injected between thyroid and
surrounding tissues such as skin, carotid artery, trachea, and
esophagus, until thyroid tissues were fully isolated (around 2
mm between nodules and critical structures) (Figures 1C, D, 2C,
D). Then, RFA was conducted, and sterile water was
continuously injected to keep thyroid tissues away from
surrounding tissues during RFA. As ablation plane rose, sterile
water needle was re-inserted into appropriate location. This
multiplanar hydrodissection technique ensured the safety of
RFA to treat large solid thyroid nodules at each plane.

Follows-up

We observed changes in internal vascularity and volumes for
large thyroid nodules after each RFA treatment. CEUS
examination was implemented for recruited cases 1 month
after first RFA treatment (Figure 1F). US was conducted for all
patients 1, 3, 6, and 12 months after each RFA. We assessed
efficiency for each RFA through analyzing blood supply to
nodules and examining volume reduction for treated thyroid
nodules. Nodule volumes were determined through the
following equation: volume = mabc/6, in which a referred to
the largest diameter, and b and ¢ represented other mutually
perpendicular diameters (27). Volume alteration in treated
nodules was assessed via US and CEUS detection. Volume
reduction ratio = ([initial volume — final volume] x100)/initial
volume (28). Thyroid function and adverse events were also
checked during the follow-up. Major and minor complications
were determined on the basis of the Society of Interventional
Radiology (29). Complications during and after RFA were
handled adopting appropriate procedures (30). Before RFA,
and 1 day and 1 month after each RFA, thyroid function
indexes including free T3, free T4, and TSH levels were
assessed to estimate the influence of RFA on thyroid function.
Moreover, 6 months after each RFA, patients in both groups
were appraised for their statuses in terms of obstructive and/or
local pressure symptoms through comparing to baseline indexes
(0 = none; 1 = insignificant; 2 = mild; 3 = remarkable).
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before RFA

FIGURE 1

A 40-year-old woman with a large solid thyroid nodule received ultrasound-guided radiofrequency ablation. (A) Ultrasound image in transverse
view unveils a solid thyroid nodule of 4.0 x 3.4 cm prior to radiofrequency ablation. (B) Contrast-enhanced ultrasound shows heterogeneous
hyperenhancement in large thyroid nodule. (C) Ultrasound image in transverse view displays that sterile water was injected between thyroid
tissue and carotid artery. (D) Ultrasound image in transverse view confirms that sterile water has reached between thyroid tissue and trachea. (E)
Contrast-enhanced ultrasound indicates no enhancement in ablation zone following radiofrequency ablation. (F) Ultrasound image in transverse
view indicates that the nodule was decreased to 2.1 X 1.8 cm 6 months after percutaneous radiofrequency ablation

Statistical analysis Results

Data synthesis was carried out with SPSS 19.0 software. Twenty-four patients with 25 large solid thyroid nodules
Results, such as alteration in largest diameters, volumes, volume received single or sequential RFA treatment. Eleven nodules in
reduction rates, and thyroid function, were compared utilizing 11 patients reached complete ablation after single RFA, whereas
Wilcoxon signed-rank test. Continuous data were represented other 14 nodules in 13 patients underwent sequential RFA
by mean + SD. P<0.05 represented significant threshold. treatment. The initial volume of large nodules in single RFA
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before first RFA

FIGURE 2

A 55-year-old woman with a large solid thyroid nodule extending to subclavian region received ultrasound-guided sequential radiofrequency
ablation treatment. (A) Before the first radiofrequency ablation ultrasound image in transverse view unveils a solid thyroid nodule of 4.2 x 3.9
cm that extended to the subclavian region. (B) Contrast-enhanced ultrasound manifests hyperenhancement in large thyroid nodule. (C)
Ultrasound image in transverse view confirms that sterile water has reached between thyroid tissue and carotid artery. (D) Ultrasound image in
transverse view reveals that sterile water has reached between thyroid tissue and trachea. (E) Ultrasound image in transverse view shows that
percutaneous radiofrequency ablation was implemented utilizing the moving shot technique. (F) Contrast-enhanced ultrasound indicates
residual enhancement in partial thyroid nodule extending below clavicle immediately after the first radiofrequency ablation.

group ranged from 25.0 to 87.3 ml, and such figures in sequential
RFA group were between 26.1 and 203.4 ml. The initial volume of
large nodules was smaller in single RFA group than in sequential
RFA group. In sequential RFA group, the interval time between
the first and second RFA treatments ranged from 6.4 to 20.1
months (Table 2). In sequential RFA group, three nodules were
close to the trachea tightly, 10 nodules extended to subclavian
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region, and one nodule was near to the esophagus. The efficiency
of single or sequential RFA is shown in Tables 3, 4. In single RFA
group, 1 month after RFA treatment, volume reduction ranged
from 31.4% to 96.7% (mean + SD, 78.6 + 18.7%); and 6 months
after RFA treatment, volume reduction ranged from 62.6% to
99.4% (mean * SD, 93.6 + 9.9%). In sequential RFA group, after
the first RFA treatment, volume reduction ranged from 30.6% to
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before second RFA

FIGURE 3

Seven months after first radiofrequency ablation, a 55-year-old woman received sequential radiofrequency ablation treatment. (A) Before
second radiofrequency ablation ultrasound image in transverse view uncovers a heterogeneous hyperechoic nodule thyroid nodule of
3.5 x 2.6 cm. (B) Contrast-enhanced ultrasound indicates hyperenhancement in peripheral area of the thyroid nodule, and there was no
enhancement in the central area of the nodule. (C) Ultrasound image in transverse view indicates that sterile water has reached between
thyroid tissue and carotid artery. (D) Ultrasound image in transverse view confirmed that sterile water has reached between thyroid tissue
and trachea. (E) Ultrasound image in transverse view demonstrates that percutaneous radiofrequency ablation was implemented through
moving shot technique. (F) Contrast-enhanced ultrasound shows that immediately after the second radiofrequency ablation, there was
no enhancement in the part of the thyroid nodule extending below the clavicle.

92.9% (mean + SD, 67.4 + 17.8%). One month after the second
RFA treatment, volume reduction ranged from 52.3% to 95.5%
(mean + SD, 77.9 + 11.4%), and 6 months after second RFA
treatment, volume reduction ranged from 83.4% to 98.4% (mean
+ SD, 94.8 + 3.8%).
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In sequential RFA group, the interval time between two RFA
treatments ranged from 6.4 to 20.1 months (mean + SD, 10.0 +
3.5 months). Therapy interval for one case was up to 20.1
months due to individual intentions, without marginal
recurrence according to close ultrasound monitoring. Follow-
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TABLE 2 Characteristics of enrolled patients with large benign solid thyroid nodules.

Variables

Patients

Age(years), mean + SD (range)

Sex (male/female) 3/8
History of thyroid surgery 1
BTNs

Location of BTNs

Right lobe 7
Left lobe 3
Isthmus 1

Volume (ml), mean + SD (range)

Ablation time(s), mean + SD (range)

Therapy interval time /
Complications

Pain 0
Vocal alterations 2
Massive bleeding 1
Extra-thyroidal hematoma 0

up periods after the end of the last RFA were between 6.3 and
53.3 months (mean * SD, 26.1 + 15.6 months), with a median
figure of 23.5 months. RFA power was adjusted to 40 W in all
nodules in the first RFA treatment, and 20-W power was
adopted for three nodules in sequential RFA. In single RFA
group, ablation duration ranged from 120 to 1,450 s (mean * SD,
664.0 £ 429.7 s). For sequential RFA group, ablation duration for
the first RFA ranged from 300 to 1,560 s (mean + SD, 670.5 +
319.6 s), and in the second RFA treatment, the duration was
between 160 and 400 s (mean + SD, 276.4 + 68.4 s).

Enrolled cases reached complete ablation, without relapse or
enlargement 6 months following the last RFA. US test for each of
enrolled cases at the last follow-up after RFA unveiled (1)
distinctively reduced nodule volumes, (2) without internal
vascularity at the margins of large solid nodules according to
the Doppler US test, and (3) decreased echogenicity. The
symptoms of airway compression improved significantly in all
patients (Table 5). In addition, we also monitored changes in
thyroid functions for cases holding large thyroid nodules before
RFA, 1 day after RFA and 1 month after RFA. We found that the
concentrations of FT'3 and FT4 increased slightly 1 day after
RFA and returned to normal levels 1 month after RFA, as shown
in Figures 4A, B, when the concentration of TSH decreased

TABLE 3 The efficacy of singe RFA treatment.
Variable Initial

Volume (ml) 43.20 + 19.33 (25.02-87.34)
VRR (%) /

*Initial vs. 1 month after RFA; “1 month after RFA vs. 6 month after RFA.
VRR, volume reduction rate; values are means + standard deviations (range).

Frontiers in Endocrinology

Single RFA group

56.8 + 12.6 years (43-85 years)

432 +19.3 ml (25.0-87.3 ml)
664 + 429.7 s (120-1450 s)

1 month after single RFA

9.47 + 10.12 (1.51-36.63) *
78.6 + 18.7 (31.4-96.7)

Sequential RFA group

48.7 + 14.2years (23-71 years)
3/10
1

5
8
1
48.9 + 44.4ml (26.1-203.4 ml)
670.5 + 319.6 s (300-1560 5)/276.4 + 68.4 s (160-400 s)
10.0 + 3.5 months (6.4-20.1 months)

slightly 1 day after RFA and also returned to normal degree 1
month after RFA, as shown in Figure 4C.

Complications

One patient in sequential RFA group presented mild pains after
sequential RFA and relieved within several hours. In single RFA
group, two cases showed vocal alterations after RFA, but both
recovered within 3 months following mecobalamine therapy. There
were 1o voice changes in sequential RFA group. Inserting electrode
into nodules caused massive bleeding in two cases due to damages
on small vessels across puncture paths. The pressing of bleeding
points successfully ended hemostasis, ensuring the success of RFA
procedure. Following RFA, extra-thyroidal hematoma appeared in
one patient and was settled within two weeks after
proper management.

Discussion

In clinic, follow-up observation is necessary after treatments
for benign thyroid nodules. However, expanded volume of

6 months after single RFA P-value

229 +2.82 (0.31-10.84) * <0.0001*/< 0.05"

93.6 + 9.9 (62.6-99.4) <0.005
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TABLE 4 The efficacy of sequential RFA treatment.

Variable Initial
Volume (ml) 48.89 + 44.41 (26.09-203.37)
VRR (%) /

*Initial vs. after first RFA; *After first RFA vs. 6 months after sequential RFA.
VRR, volume reduction rate; values are means + standard deviations (range).

benign thyroid nodules not only affects the looks but also
possibly compresses trachea, resulting in breathing problems.
Therefore, timely and effective treatments are urgently needed
for patients with large benign solid thyroid nodules. The
definition for large thyroid nodules is not uniform at present.
Some documents regard nodules with volumes under 10 ml as
small ones and those more than this figure as large ones (28, 31,
32). Whereas some scholars claim that nodules with an initial
volume more than 30.0 ml are large nodules (33). In our study,
large solid thyroid nodule referred to those more than 25 ml.
RFA has been confirmed as an effective treatment for small-
and medium-sized thyroid nodules, regardless of their
constituents (23), but for large thyroid nodules, more caution
should be taken considering their certain characteristics. First of
all, the treatment with RFA of large thyroid nodules is more
difficult and more dangerous. As we know, there are essential

TABLE 5 Local pressure symptoms improvement scale.

Patient no. Improvement scale from baseline

N B - S I e O L N

— =
D= o

T N N e
QR = S v 9 U R W
D W W W W W W W W W W W W W W W N W W NN W W

NN
N
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After first RFA

13.96 + 11.35 (3.68-51.29) *
67.4 + 17.8 (30.6-92.9)

10.3389/fendo.2022.902484

6 months after sequential RFA P-value
2.01 + 1.56 (0.98-7.20) * <0.005*/<0.005"
94.8 + 3.8 (83.4-98.4) <0.0001

structures surrounding thyroid gland, like esophagus, trachea,
recurrent laryngeal nerve, carotid artery, vagus nerve, and
cervical sympathetic ganglion, and the edge of nodules could
be very close to these configurations, especially for large thyroid
nodules (34). Hence, it is difficult to treat large thyroid nodules
safely and completely.

Hydrodissection technique has been widely used to
minimize thermal damage through injecting sterile water
between targeted nodules and bordering essential
configurations during RFA (35). However, injected fluids may
circulate fast along longitudinally neck muscle plane, so sterile
water needs to be constantly supplied to maintain the separation
of thyroid tissues from bordering ones during RFA. For large
thyroid nodules, hydrodissection may be required at multiple
planes during RFA. In this study, we adopted multiplanar
hydrodissection technique through multiplane needle
placement, and selective sequential RFA regimen was applied
to ensure the safety and completeness of RFA in treating these
large benign solid thyroid nodules. Through single RFA aided
with multiplanar hydrodissection technique, complete ablation
was achieved safely in 11 large nodules, but in other 14 large
nodules located in fragile areas, sequential RFA was performed
with full consideration of the safety, hoping to avoid cervical
edema caused by hydrodissection technique, hypothyroidism
caused by large ablation zone, and tracheal collapse caused by
bilateral RFA treatment.

Second, large nodules should be ablated completely for the
sake of preventing marginal recurrence. RFA can achieve
outstanding outcomes in reducing volumes, alleviating
compression symptoms and solving cosmetic issues, but
according to previous reports, relapse rate ranged from 5.6%
to 9% after RFA (28) and laser ablation (36), separately. Baek
and colleagues (37) considered marginal re-expansion as a
pivotal reason for relapse following RFA. Although some
published articles have claimed predominant objective for RFA
to treat benign thyroid nodules lies at decreasing compression
symptoms, not full ablation (24), it is important to ablate
nodules completely to eliminate the possibility of recurrence
induced by margin regrowth of incompletely treated nodule (37-
39). Well-treated nodules decrease by more than 90% over 1-2
years, whereas those not completely handed might grow within
1-2 years following ablation (28). Marginal re-expansion might
represent one leading reason for relapse. Overall rate for
regrowth (volume increase more than 50% in comparison to
original status) has been up to 24.1% (32). Reported recurrence
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(increases more than 50% in comparison with earlier volumes
according to ultrasonography) reached 57.4% (32). Accordingly,
non-fully treated nodules might expand within 2 years following
ablation, showing re-growth from their margins. Imperfect
ablation for peripheral tissues might face relapse, and margins
surrounding large thyroid nodules need to be wholly treated to
minimize marginal recurrence. Furthermore, large nodules
require multiple RFA sessions to achieve complete ablation.

Standards determining repeated RFA vary across different
research studies including nodule residual during follow-up (23),
volume reduction below 50% (23), and displaying partial
compression symptoms (28). In our study, 1, 6, and 12
months after the first RFA, all cases with residual nodules
underwent US and CEUS examination to determine reduction
status for ablation region. The absorption of ablation zone makes
subclavian parts of large nodules move up, creating greater
feasibility and safety for sequential RFA.

In our study, through single or sequential RFA aided with
multiplanar hydrodissection technique, all large nodules reached
complete ablation safely. Initial volume for large nodules in
single RFA group was between 25.0 and 87.3 ml, and such figure
in sequential RFA group was between 26.1 and 203.4 ml. Initial
volume of large nodules was smaller in single RFA group than in
sequential RFA group, as shown in Figure 5. All nodules in
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sequential RFA group were adjacent to important structures,
when three of them were close to the trachea, 10 extended to
subclavian region, and one nodule was near to the esophagus.
Therefore, larger volume and risk location of such nodules may
be main factors determining the frequency of RFA.

In our study, the complication rate of RFA was 25% (6/24).
Owing to large size of thyroid nodules and heat concentration,
thermal ablation may still cause thermal stimulation to
peripheral nerves, despite the application of water isolation
technique during the operation. We have explored some
possible methods to reduce complications after RFA. Local
hypothermia therapy was used to reduce nerve stimulation
caused by postoperative heat. After the ablation, we applied ice
bags at neck area for about 6 h to reduce local temperature. In
addition, continuously injecting sterile water to isolate thyroid
tissue from important surrounding tissues during RFA may lead
to neck swelling and discomfort after RFA. To alleviate neck
swelling and relieve local pain after surgery, we tried to apply
traditional Chinese medicine mirabilite after local hypothermia
therapy. The most serious complication in our study was vocal
alterations that attacked two patients in single RFA group
following RFA. However, in sequential RFA group, there was
no such phenomenon, so sequential RFA may be one safer
option for large and dangerously located nodules.
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The difference of the volumes of the large solid thyroid nodules between single RFA group and sequential RFA group

In our research, there were some shortages, such as lacking
histological validation after treatment and possessing considerable
similarities to other research studies focusing on non-surgery
measures like ethanol ablation and laser ablation. To conquer
such shortages, cases holding cytologically confirmed benign
nodules should be enrolled—those who should be diagnosed on
the basis of two separate US-guided FNAB or US-guided CNB
and US imaging and exhibited no suspicious malignant
characteristics. Another shortage lay in its retrospective design
and small samples, only containing one single center. Sample sizes
of two groups were relatively small, and no detailed treatment plan
was developed for patients before ablation to satisfy the
requirements of prospective design. Future prospective
multicenter experiments are necessary to verify our findings.

Conclusion

RFA is an efficient measure to treat large benign solid thyroid
nodules, showing minimal invasion and reaching complete
ablation to solve compression symptoms. Single or sequential
RFA regimen might ablate large nodules with great safety and
assurance. Single RFA assisted with multiplanar hydrodissection
technique can achieve complete ablation in large thyroid nodules,
whereas for larger nodules close to the trachea or extending to
subclavian, sequential RFA treatment regimen might be preferred
to avoid complications. Single or sequential RFA treatment can
completely inactivate thyroid nodules with as little impact on
thyroid function as possible and can solve cosmetic problems and
compression symptoms safely.

Frontiers in Endocrinology

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding authors.

Author contributions

YL, YS, XT conceived and designed the experiments,
analyzed the data, and wrote the paper. MD, YH, PL, BZ
performed the experiments. All authors contributed to the
article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fendo.2022.902484
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Lin et al.

References

1. Guth S, Theune U, Aberle J, Galach A, Bamberger CM. Very high prevalence
of thyroid nodules detected by high frequency (13 MHz) ultrasound examination.
Eur J Clin Invest (2009) 39(8):699-706. doi: 10.1111/j.1365-2362.2009.02162.x

2. Smith-Bindman R, Miglioretti DL, Johnson E, Lee C, Feigelson HS, Flynn M,
et al. Use of diagnostic imaging studies and associated radiation exposure for
patients enrolled in large integrated health care systems, 1996-2010. JAMA (2012)
307(22):2400-9. doi: 10.1001/jama.2012.5960

3. Sorrenti S, Dolcetti V, Radzina M, Bellini MI, Frezza F, Munir K, et al.
Artificial intelligence for thyroid nodule characterization: Where are we standing?
Cancers (Basel) (2022) 14;(14):3357. doi: 10.3390/cancers14143357

4. Alexander EK, Hurwitz S, Heering JP, Benson CB, Frates MC, Doubilet PM,
et al. Natural history of benign solid and cystic thyroid nodules. Ann Internal Med
(2003) 138(4):315-8. doi: 10.7326/0003-4819-138-4-200302180-00010

5. Batra H, Yarmus L. Indications and complications of rigid bronchoscopy.
Expert Rev Respir Med (2018) 12(6):509-20. doi: 10.1080/17476348.2018.1473037

6. Lee S, Skelton TS, Zheng F, Schwartz KA, Perrier ND, Lee JE, et al. The
biopsy-proven benign thyroid nodule: is long-term follow-up necessary? J Am Coll
Surgeons (2013) 217(1):81-8. doi: 10.1016/j.jamcollsurg.2013.03.014

7. Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, Hegedus L, et al.
American Association of clinical endocrinologists, associazione Medici
endocrinologi, and EuropeanThyroid association medical guidelines for clinical
practice for the diagnosis and management of thyroid nodules. Endocrine practice:
Off ] Am Coll Endocrinol Am Assoc Clin Endocrinolo (2010) 16 Suppl 1:1-43. doi:
10.4158/10024.GL

8. Gharib H, Papini E, Garber JR, Duick DS, Harrell RM, Hegedus L, et al.
American Association of clinical endocrinologists, American college of
endocrinology, and associazione Medici endocrinologi medical guidelines for
clinical practice for the diagnosis and management of thyroid nodules-2016
update. Endocrine practice: Off ] Am Coll Endocrinol Am Assoc Clin Endocrinolo
(2016) 22(5):622-39. doi: 10.4158/EP161208.GL

9. Ajmal S, Rapoport S, Ramirez Batlle H, Mazzaglia P]. The natural history of
the benign thyroid nodule: what is the appropriate follow-up strategy? J Am Coll
Surgeons (2015) 220(6):987-92. doi: 10.1016/j.jamcollsurg.2014.12.010

10. Rosato L, Avenia N, Bernante P, De Palma M, Gulino G, Nasi PG, et al.
Complications of thyroid surgery: analysis of a multicentric study on 14,934
patients operated on in Italy over 5 years. World ] surgery. (2004) 28(3):271-6.
doi: 10.1007/s00268-003-6903-1

11. Bergenfelz A, Jansson S, Kristoffersson A, Martensson H, Reihner E, Wallin
G, et al. Complications to thyroid surgery: results as reported in a database from a
multicenter audit comprising 3,660 patients. Langenbeck’s Arch surgery. (2008) 393
(5):667-73. doi: 10.1007/s00423-008-0366-7

12. Canu GL, Medas F, Cappellacci F, Giordano ABF, Gurrado A, Gambardella
C, et al. Risk of complications in patients undergoing completion thyroidectomy
after hemithyroidectomy for thyroid nodule with indeterminate cytology: An
Italian multicentre retrospective study. Cancers (Basel). (2022) 14(10):2472. doi:
10.3390/cancers14102472

13. Hegedus L. Therapy: a new nonsurgical therapy option for benign thyroid
nodules? Nat Rev Endocrinol (2009) 5(9):476-8. doi: 10.1038/nrendo.2009.152

14. Livraghi T, Paracchi A, Ferrari C, Reschini E, Macchi RM, Bonifacino A.
Treatment of autonomous thyroid nodules with percutaneous ethanol injection: 4-
year experience. Radiology. (1994) 190(2):529-33. doi: 10.1148/
radiology.190.2.8284411

15. Papini E, Pacella CM, Verde G. Percutaneous ethanol injection (PEI): what
is its role in the treatment of benign thyroid nodules? Thyroid: Off ] Am Thyroid
Assoc (1995) 5(2):147-50. doi: 10.1089/thy.1995.5.147

16. Bennedbaek FN, Nielsen LK, Hegedus L. Effect of percutaneous ethanol
injection therapy versus suppressive doses of I-thyroxine on benign solitary solid
cold thyroid nodules: a randomized trial. J Clin Endocrinol Metab (1998) 83
(3):830-5. doi: 10.1210/jcem.83.3.4673

17. Pacella CM, Bizzarri G, Spiezia S, Bianchini A, Guglielmi R, Crescenzi A,
et al. Thyroid tissue: US-guided percutaneous laser thermal ablation. Radiology.
(2004) 232(1):272-80. doi: 10.1148/radiol.2321021368

18. Gazelle GS, Goldberg SN, Solbiati L, Livraghi T. Tumor ablation with radio-
frequency energy. Radiology. (2000) 217(3):633-46. doi: 10.1148/
radiology.217.3.r00dc26633

19. Dupuy DE, Goldberg SN. Image-guided radiofrequency tumor ablation:
challenges and opportunities—part II. J Vasc interventional radiol: JVIR. (2001) 12
(10):1135-48. doi: 10.1016/S1051-0443(07)61670-4

Frontiers in Endocrinology

11

10.3389/fendo.2022.902484

20. Dupuy DE, Monchik JM, Decrea C, Pisharodi L. Radiofrequency ablation of
regional recurrence from well-differentiated thyroid malignancy. Surgery. (2001)
130(6):971-7. doi: 10.1067/msy.2001.118708

21. Gao J, Ke S, Ding XM, Zhou YM, Qian X]J, Sun WB. Radiofrequency
ablation for large hepatic hemangiomas: initial experience and lessons. Surgery.
(2013) 153(1):78-85. doi: 10.1016/j.surg.2012.06.004

22. Wah TM. Image-guided ablation of renal cell carcinoma. Clin radiol (2017)
72(8):636-44. doi: 10.1016/j.crad.2017.03.007

23. Jeong WK, Baek JH, Rhim H, Kim YS, Kwak MS, Jeong HJ, et al.
Radiofrequency ablation of benign thyroid nodules: safety and imaging follow-
up in 236 patients. Eur radiol (2008) 18(6):1244-50. doi: 10.1007/s00330-008-
0880-6

24. Deandrea M, Limone P, Basso E, Mormile A, Ragazzoni F, Gamarra E, et al.
US-Guided percutaneous radiofrequency thermal ablation for the treatment of
solid benign hyperfunctioning or compressive thyroid nodules. Ultrasound Med
Biol (2008) 34(5):784-91. doi: 10.1016/j.ultrasmedbio.2007.10.018

25. Spiezia S, Garberoglio R, Milone F, Ramundo V, Caiazzo C, Assanti AP,
et al. Thyroid nodules and related symptoms are stably controlled two years after
radiofrequency thermal ablation. Thyroid: Off ] Am Thyroid Assoc (2009) 19
(3):219-25. doi: 10.1089/thy.2008.0202

26. Choi Y], Baek JH, Hong MJ, Lee JH. Inter-observer variation in ultrasound
measurement of the volume and diameter of thyroid nodules. Korean J radiol
(2015) 16(3):560-5. doi: 10.3348/kjr.2015.16.3.560

27. Baek JH, Ha EJ, Choi YJ, Sung JY, Kim JK, Shong YK. Radiofrequency
versus ethanol ablation for treating predominantly cystic thyroid nodules: A
randomized clinical trial. Korean ] radiol (2015) 16(6):1332-40. doi: 10.3348/
kjr.2015.16.6.1332

28. Lim HK, Lee JH, Ha EJ, Sung JY, Kim JK, Baek JH. Radiofrequency ablation
of benign non-functioning thyroid nodules: 4-year follow-up results for 111
patients. Eur radiol (2013) 23(4):1044-9. doi: 10.1007/s00330-012-2671-3

29. Sacks D, McClenny TE, Cardella JF, Lewis CA. Society of interventional
radiology clinical practice guidelines. J Vasc interventional radiol: JVIR (2003) 14(9
Pt 2):5199-202. doi: 10.1097/01.RV1.0000094584.83406.3¢

30. Baek JH, Lee JH, Sung JY, Bae JI, Kim KT, Sim J, et al. Complications
encountered in the treatment of benign thyroid nodules with US-guided
radiofrequency ablation: a multicenter study. Radiology. (2012) 262(1):335-42.
doi: 10.1148/radiol.11110416

31. Garberoglio R, Aliberti C, Appetecchia M, Attard M, Boccuzzi G, Boraso F, et al.
Radiofrequency ablation for thyroid nodules: which indications? the first Italian opinion
statement. ] ultrasound. (2015) 18(4):423-30. doi: 10.1007/s40477-015-0169-y

32. Sim JS, Baek JH, Lee J, Cho W, Jung SI. Radiofrequency ablation of benign
thyroid nodules: depicting early sign of regrowth by calculating vital volume. Int J
hyperthermia: Off ] Eur Soc Hyperthermic Oncology North Am Hyperthermia Group
(2017) 33(8):905-10. doi: 10.1080/02656736.2017.1309083

33. Cesareo R, Pasqualini V, Simeoni C, Sacchi M, Saralli E, Campagna G, et al.
Prospective study of effectiveness of ultrasound-guided radiofrequency ablation
versus control group in patients affected by benign thyroid nodules. J Clin
Endocrinol Metab (2015) 100(2):460-6. doi: 10.1210/jc.2014-2186

34. Ha EJ, Baek JH, Lee JH. Ultrasonography-based thyroidal and perithyroidal
anatomy and its clinical significance. Korean J radiol (2015) 16(4):749-66. doi:
10.3348/kjr.2015.16.4.749

35. Shin JH, Baek JH, Ha EJ, Lee JH. Radiofrequency ablation of thyroid
nodules: basic principles and clinical application. Int J endocrinol (2012)
2012:919650. doi: 10.1155/2012/919650

36. Valcavi R, Riganti F, Bertani A, Formisano D, Pacella CM. Percutaneous
laser ablation of cold benign thyroid nodules: a 3-year follow-up study in 122
patients. Thyroid: Off ] Am Thyroid Assoc (2010) 20(11):1253-61. doi: 10.1089/
thy.2010.0189

37. Baek JH, Moon WJ, Kim YS, Lee JH, Lee D. Radiofrequency ablation for the
treatment of autonomously functioning thyroid nodules. World J surgery. (2009) 33
(9):1971-7. doi: 10.1007/500268-009-0130-3

38. Huh JY, Baek JH, Choi H, Kim JK, Lee JH. Symptomatic benign thyroid
nodules: efficacy of additional radiofrequency ablation treatment session—
prospective randomized study. Radiology. (2012) 263(3):909-16. doi: 10.1148/
radiol.12111300

39. Sung JY, Baek JH, Jung SL, Kim JH, Kim KS, Lee D, et al. Radiofrequency
ablation for autonomously functioning thyroid nodules: a multicenter study.
Thyroid: Off ] Am Thyroid Assoc (2015) 25(1):112-7. doi: 10.1089/thy.2014.0100

frontiersin.org


https://doi.org/10.1111/j.1365-2362.2009.02162.x
https://doi.org/10.1001/jama.2012.5960
https://doi.org/10.3390/cancers14143357
https://doi.org/10.7326/0003-4819-138-4-200302180-00010
https://doi.org/10.1080/17476348.2018.1473037
https://doi.org/10.1016/j.jamcollsurg.2013.03.014
https://doi.org/10.4158/10024.GL
https://doi.org/10.4158/EP161208.GL
https://doi.org/10.1016/j.jamcollsurg.2014.12.010
https://doi.org/10.1007/s00268-003-6903-1
https://doi.org/10.1007/s00423-008-0366-7
https://doi.org/10.3390/cancers14102472
https://doi.org/10.1038/nrendo.2009.152
https://doi.org/10.1148/radiology.190.2.8284411
https://doi.org/10.1148/radiology.190.2.8284411
https://doi.org/10.1089/thy.1995.5.147
https://doi.org/10.1210/jcem.83.3.4673
https://doi.org/10.1148/radiol.2321021368
https://doi.org/10.1148/radiology.217.3.r00dc26633
https://doi.org/10.1148/radiology.217.3.r00dc26633
https://doi.org/10.1016/S1051-0443(07)61670-4
https://doi.org/10.1067/msy.2001.118708
https://doi.org/10.1016/j.surg.2012.06.004
https://doi.org/10.1016/j.crad.2017.03.007
https://doi.org/10.1007/s00330-008-0880-6
https://doi.org/10.1007/s00330-008-0880-6
https://doi.org/10.1016/j.ultrasmedbio.2007.10.018
https://doi.org/10.1089/thy.2008.0202
https://doi.org/10.3348/kjr.2015.16.3.560
https://doi.org/10.3348/kjr.2015.16.6.1332
https://doi.org/10.3348/kjr.2015.16.6.1332
https://doi.org/10.1007/s00330-012-2671-3
https://doi.org/10.1097/01.RVI.0000094584.83406.3e
https://doi.org/10.1148/radiol.11110416
https://doi.org/10.1007/s40477-015-0169-y
https://doi.org/10.1080/02656736.2017.1309083
https://doi.org/10.1210/jc.2014-2186
https://doi.org/10.3348/kjr.2015.16.4.749
https://doi.org/10.1155/2012/919650
https://doi.org/10.1089/thy.2010.0189
https://doi.org/10.1089/thy.2010.0189
https://doi.org/10.1007/s00268-009-0130-3
https://doi.org/10.1148/radiol.12111300
https://doi.org/10.1148/radiol.12111300
https://doi.org/10.1089/thy.2014.0100
https://doi.org/10.3389/fendo.2022.902484
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Significance of radiofrequency ablation in large solid benign thyroid nodules
	Introduction
	Materials and methods
	Pretreatment assessment
	RFA procedure
	Multiplanar hydrodissection technique
	Statistical analysis

	Results
	Complications

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


