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Objective: This study aims to compare 1-month’s efficacy and safety of single-session ethanol ablation and radiofrequency ablation
for treating both purely cystic nodules and predominantly cystic thyroid nodules.

Materials and methods: This short-term retrospective study was approved by the Ethics Committee of the Institutional Review
Board of Danang Family hospital, and written informed consent for procedures was obtained for all patients. Thirty-nine patients who
presented with cystic thyroid nodules and met inclusion criteria were extracted from the computerized medical records. The internal
fluid of cystic thyroid nodules was aspirated as much as possible. Ethanol ablation was performed using 18-gauge needles with 99.5%
ethanol, and RFA used a cooled-electrode RFA system and 18-gauge internally cooled electrodes via the trans-isthmic approach,
moving-shot technique. Nodule volume, therapeutic success rate, the largest diameter, thyroid function tests, and complications were
evaluated and compared before and after treatment in each group.

Results: Among 39 patients, 17 patients were undergone EA (mean age of 47.35 years; the proportion of female of 76.5%; purely
thyroid cyst percentage of 41.4%) and 22 patients were undergone RFA (mean age of 46.63 years; the proportion of female of 86.4%;
purely thyroid cyst percentage of 54.5%). Both treatment techniques showed a significant reduction of the largest diameter and nodule
volume (p<0.05) without complications. RFA reduced nodule volume and the largest nodule size greater than EA treatment at 1-month
post-ablation (p<0.05). In addition, the therapeutic success rate in the RFA group was higher than in the EA group.

Conclusion: Both RFA and EA treatment with single-session confirm the efficacy and safety for cystic thyroid nodules at 1-month
follow-up, RFA reduced greater in nodule volume and the largest nodule size than the EA treatment. Thus, the therapeutic success rate
in the RFA group was higher than in the EA group.
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Introduction

Thyroid nodules are the 2nd most common endocrine disorder after diabetes." Among thyroid nodules, partially cystic
accounted for 53.5%, with 13.7% described as greater than 75% cystic.” The treatment of benign thyroid cystic nodules
usually depends on the presence of compressible and/or cosmetic symptoms.

Ethanol ablation (EA), as well as radiofrequency ablation (RFA), for cystic thyroid nodules have been proven their
efficacy according to nodule characteristics (solid proportion, vascularity, nodule size). However, a more effective
technique for thyroid cystic nodule treatment is still debated. For purely cystic thyroid nodules, although RFA showed
significantly greater volume reduction during the first 3 months after RFA, the difference seen at 6 months was not

significant. Thus, EA has been recommended as the top priority because of its similar efficacy in volume reduction rate
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with fewer treatment sessions compared to RFA.*>> However, for predominantly cystic thyroid nodules (PCTNs), EA
shows a less volume reduction rate (VRR) with higher recurrence risk (from 26% to 33%) than RFA®’ which is a result
of regrowing or bleeding from the vascularity inside and around the solid component in PCTNs.%*? Controversially,
Baek et al conducted a single-blind, randomized trial which showed that the RFA’s efficacy in VRR is not superior to that
of EA, 87.5 + 11.5% for RFA and 82.4 + 28.6% for EA."* To the best of our knowledge, there is no study comparing the
efficacy of 2 techniques in single-session treatment in both purely cystic nodules and PCTNs in short-term follow-up in
Vietnam. Therefore, the purpose of this study was to compare 1 month’s efficacy and safety of single-session EA and
RFA for treating both purely cystic nodules and PCTNs.

Methods
Study Design and Patient’s Selection

This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the
Institutional Review Board of Danang Family hospital, Danang, Vietnam, and written informed consent for procedures
was obtained for all patients.

We reviewed computerized medical records (Ehealth program) of 720 patients who underwent thyroid EA and RFA
from May 2018 through December 2021 at the Centre of Endocrinology and Diabetes, Danang Family hospital, Danang,
Vietnam. Fifty-six patients who presented with cystic thyroid nodules (purely cystic nodules and PCTNs) were extracted
from the Ehealth program. Among them, 9 patients lacked the fine-needle aspiration cytology (FNAc) or thyroid function
test results in the Ehealth program, and 8 patients lost to follow-up for unknown reasons. Finally, 39 patients (32 women
and 7 men; 19 purely cystic nodules and 20 PCTNs) were involved in this study. Among the participants, 17 patients (13
women and 4 men; mean age, 47.35 years) were treated by EA, and 22 patients (19 women and 3 men; mean age, 46.63
years) were treated by RFA. All patients treated by EA or RFA above have been collected in this current study because
they satisfied the following criteria: (1) nodules with greater than 50% of cystic portion; (2) present symptoms or
cosmetic problems; (3) thyroid function including serum thyroid hormone (FT4) and thyrotropin concentrations (TSH)
were collected; and (4) cytology confirmed benign thyroid nodules after two ultrasound-guided fine needle aspiration
treatment technique (FNA); refusing for surgery; and being able to follow-up for at least 1-month post-ablation. For
suitable patients, we already explained the advantages and disadvantages of thyroid EA or thyroid RFA to each patient
before procedures.

Pre-Ablation Assessment

All patients underwent ultrasound performed by only one experienced radiologist in the same hospital. Ultrasound-
guided FNA examinations were done by an endocrinologist (Nguyen VB), who has a licensed certificate as well as more
than 5 years of experience in thyroid procedures (thyroid US-FNA/CNB, thyroid EA, and thyroid RFA). All cases have
been applied an 8 to 12 MHz linear probe of a real-time ultrasound system (Acuson NX2 or NX3, Siemens Medical
Solution, California, USA). Nodule size and internal fluid composition were evaluated on ultrasound. The three diameters
of each nodule were measured, and the volume of each thyroid cyst was calculated as: V = mabc/6 (where V is volume; a,
b, ¢ are the 3 diameters), purely cystic was defined as nodules with <10% solid component, and PCTNs was defined as
those with 10-50% solid component.'' Thyroid function was obtained before and a 1-month after the procedure.

Procedure

EA and RFA were performed in an outpatient ward with patients in the supine position and mild neck extension under
ultrasound guidance by only one experienced endocrinologist. To prevent vascular injuries, we used Doppler ultrasono-
graphy to evaluate vascular structures along the approach way. After skin sterilization and local anesthesia with 2%
lidocaine at the needle-puncture site and peri-thyroidal area (Figure 1A), we used an 18 gauge needle to puncture into the
cyst under ultrasound guidance via the trans-isthmic approach. The internal fluid of cystic thyroid nodules was aspirated
as much as possible by using a syringe of 20 mL or 5S0mL (Figure 1B). If the cysts contain high-viscosity fluid of colloid,
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Figure | 40-year-old woman who complained of right thyroid mass, pain, underwent ethanol ablation. (A) Axial sonographic view local anesthesia with 2% lidocaine at the
needle-puncture site and peri-thyroidal area. (B) Axial sonographic view shows the 18 gauge needle was located in central region of cystic portion via trans-isthmic approach
and cystic contents had been almost completely removed. (C) Axial sonographic view shows injection of ethanol into cystic thyroid nodule. (D) Cystic thyroid nodule
reduces the volume after | month follow up.

the fluid was aspirated using a larger-bore needle (16 gauge), followed by injecting normal saline to remove colloid
material before ethanol injection.

Ethanol Ablation Procedure

After finishing fluid aspiration, the volume of 99.5% ethanol injected via the same 18 gauge needle depended on the amount of
aspirated fluid in the cyst, approximately 50-70% (Figure 1C). After 2 minutes of ethanol retention, the injected ethanol is
aspirated as much as possible and the needle is withdrawn.'>'? Patients were asked to stay in the hospital for 30-60 minute
after the procedure.

Radiofrequency Ablation Procedure

The internal cystic fluid was aspirated completely before ablating the nodule and its vascularity. An 18 gauge internally
cooled monopolar electrode (Smm or 7mm in active tips) which was connected to a radiofrequency generator (CoATherm
AK-F200, APRO KOREA Inc., Gyeonggi-do, Korea) was used to puncture into the nodule under US guidance via the trans-
isthmic approach. The moving-shot technique was used to ablate the nodule from unit to unit (Figure 2A). Hydro-dissection
was performed by slowly injecting 5% dextrose to protect important structures such as the nerve and artery. In addition, we
tried to find the vascularities inside and around the nodules by using Doppler ultrasonography and ablated these as much as
possible (Figure 2B). The nodules ablated completely were proven by the transient hyperechoic zone'*'*'> (Figure 2C).

Follow-Up
Follow-up ultrasound, thyroid function tests, and clinical examinations were identical to those performed before EA/RFA
procedure and after 1 month (Figures 1D and (2D). Treatment efficacy (the primary endpoint) was assessed by measuring
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Figure 2 50-year-old woman with right thyroid nodule and pain who underwent radiofrequency ablation. (A) Axial sonographic view shows trans-isthmic approach of
radiofrequency electrode. The moving-shot technique was used to ablate the nodule from unit to unit. (B) Axial sonographic view shows that the vascularities inside and
around the nodules was found by using Doppler ultrasonography and ablated these as much as possible. (C) Entire nodule was filled with echogenic microbubble without any
vascularities at end of ablation. (D) Cystic thyroid nodule reduces the volume after | month follow up.

the VRR, and therapeutic success if VRR >50%. Safety outcomes (complications and side effects - the secondary
endpoint) followed as reported by the international working group on image-guided tumor ablation. Major complications
include substantial morbidity and disability, which increases the level of care, results in hospital admission, bleeding
cases that need a blood transfusion, the case with permanent voice changes. Other complications were identified as minor
complications (pain, transient voice change, etc.):'®

Baseline Volume — 1 month post treatment volume

Baseline Volume

VRR(%) ( ) x 100%

Statistical Analysis

SPSS version 20.0 for Windows was used in this study for all statistical analyses. To compare sex distribution, age, initial
nodule volume, largest nodule diameter, TSH, and FT4 between the two groups before treatment and efficacy at 1-month
post-ablation, we applied the Mann—Whitney and Fisher’s exact tests. To assess the efficacy of the procedure by
reductions in volume, the largest diameter, and thyroid function tests in each group, Wilcoxon’s signed rank test was
used. The level of significance was defined as a p-value less than 0.05.

Results

From May 2018 through December 2021, 39 patients with a single purely thyroid cyst or PCTNs were identified via
Ehealth program as qualified for inclusion. Among 39 patients, 17 patients were undergone EA (mean age of 47.35 years;
the proportion of female of 76.5%; purely thyroid cyst percentage of 41.4%) and 22 patients were undergone RFA (mean
age of 46.63 years; the proportion of female of 86.4%; purely thyroid cyst percentage of 54.5%).
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About the treatment characteristics, the RFA’s meantime was 15.65 + 9.24 minutes (range, 4.0-35 minutes) and the
mean minimum and maximum RF power used were 17.95 £+ 3.67 watts (range, 10-25 watts) and 32.05 + 7.97 watts
(range, 2050 watts). The retention time of ethanol was 2 minutes in all cases. No major or minor complications were
encountered in both groups.

Table 1 shows the patient demographic and initial nodule features of the two study groups. The figure showed no
statistically significant differences between the two groups in gender, age, largest diameter, nodule volume, FT4
concentration, type of thyroid cyst, and volume of fluid aspirated but the TSH concentration and cost of treatment
were significantly higher in the RFA group.

Table 2 depicts the outcomes of EA and RFA treatment for cystic thyroid nodules. The largest diameter and volume of
cystic thyroid nodules witnessed a significant decrease, while TSH and FT4 level were no significant differences after the
1-month follow-up.

The comparison of therapeutic results at 1-month follow-up in the two groups is shown in Table 3. The mean volume
reduction rate of the RFA group was 72.41 + 23.17%, which was significantly higher than that of the EA group, 53.09 +

Table | Baseline Characteristics of the Ethanol Ablation and Radiofrequency Ablation Groups

Characteristic Radiofrequency Ethanol Ablation p
Ablation (n = 22) (n=17)

Gender (n,%)

Male 3 (13.6) 4 (23.5) 0.677
Female 19 (86.4) 13 (76.5)
Age (year), (mean * SD) 46.63 = 13.13 47.35 + 15.54 0.944
Largest diameter (mm), (mean * SD) | 27.18 + 7.93 26.34 + 6.79 0.73
Nodule volume (mL), (mean * SD) 6.55 + 5.55 521 +3.37 0.68
TSH (microUl/mL), (mean + SD) 1.75 £ 0.8 .17 £ 0.8 0.032
FT4 (ng/dl), (mean + SD) 1.29 £ 0.24 1.49 + 0.42 0.09

Type of thyroid cyst (n,%)

Purely thyroid cysts 12 (54.5) 7 (41.2) 0.52
PCTNs 10 (45.5) 10 (58.8)
Volume of fluid aspirated (mL) 4.59 3.35 4.20 2.30 0.94
Cost (USD) 418 41.8

TSH, Thyrotropin; FT4, Free Thyroxine; PCTNs, predominantly cystic thyroid nodules; SD, Standard deviation.

Table 2 Outcomes of the Ethanol Ablation and Radiofrequency Ablation Groups

Characteristic Radiofrequency Ablation (n = 22) | Ethanol Ablation (n = 17) p
Initial I Month Initial I Month

Largest diameter (mm), (mean + SD) | 27.18 + 7.93 17.28 +7.78 26.34 £ 6.79 | 20,95 + 6.18 | 0.001*

Nodule volume (mL), (mean * SD) 6.55 £ 5.55 1.72 £ 1.94 521 £337 | 234+252 0.0001*

TSH (microUl/mL), (mean * SD) 1.75 £ 0.81 1.54 + 0.58 1.17 £ 0.8 1.29 £ 0.71 0.44*

FT4 (ng/dl), (mean + SD) 1.29 + 0.24 1.28 £ 0.19 1.49 + 0.42 1.38 £ 0.15 0.277*

Note: *p-value for both the Ethanol Ablation and Radiofrequency Ablation Groups.
Abbreviations: TSH, Thyrotropin; FT4, Free Thyroxine; SD, Standard deviation.
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Table 3 Results in the Ethanol Ablation and Radiofrequency Ablation Groups at | Month Follow-

Up
Outcome Radiofrequency Ethanol Ablation | p
Ablation (n =22) | (n=17)

VRR (%) 7241 £23.17 53.09 + 26.23 0.013
VRR in Purely thyroid cyst 84.78 + 12.25 65.38 £ 15.97 0.007
VRR in PCTN 57.55 £ 24.90 44.49 + 29.21 0.165
Therapeutic success rate (n,%) 20 (90.9) 9 (52.9) 0.011
Therapeutic success rate in Purely thyroid cyst | 12 (100) 6 (85.7) 0.36
Therapeutic success rate in PCTN 8 (80) 3 (30) 0.07
TSH (microUl/mL) 1.54 + 0.58 129 £ 0.71 0.172
FT4 (ng/dl) 128 £ 0.18 1.38 £ 0.15 0.05
Largest diameter reduction (mm), (mean * SD) | 9.89 £ 5.15 5.40 + 5.02 0.01

Abbreviations: VRR, Volume Reduction Rate; TSH, Thyrotropin; FT4, Free Thyroxine; PCTNs, predominantly cystic thyroid
nodules; SD, Standard deviation.

26.23%. Regarding the subtype of thyroid cyst, the average VRR of the RFA group was significantly greater than that of
the EA group in the purely thyroid cysts subgroup and there was no statistically significant difference in the PCTNs
subgroup.

In the RFA group, the therapeutic success rate was 90.9%, while that for the EA group was 52.9%. This was
a statistically significant difference between the two groups (p < 0.05). Although the difference between the two groups
in terms of therapeutic success was not statistically significant in the purely thyroid cyst subgroup, this difference was
significant in the PCTNs subgroup. It is noticeable that the figure for the largest diameter reduction was higher in the
RFA group than that in the EA group (p<0.05). Meanwhile, thyroid function tests including TSH and FT4 levels were
normal in all patients and not different in these groups during follow-up.

Discussion

In recent years, RFA and EA have been one of the minimally invasive alternative treatments of benign thyroid nodule(s)
(including solid-cystic nonfunctioning benign nodules, autonomously functioning thyroid nodules, low-risk papil-
lary thyroid carcinoma, and recurrent thyroid cancers).””'”>* Our study demonstrated that both RFA and EA treatment
with single-session confirm the efficacy and safety for cystic thyroid nodules at 1-month follow-up. Both treatment
techniques showed a significant reduction of the largest diameter and nodule volume without complications, while no
significant change in thyroid function tests was observed. Also, regarding efficacy, RFA reduced nodule volume and the
largest nodule size at 1-month post-ablation by 72.4% and 9.89mm, which was greater than with EA treatment by
53.09% and 5.40mm. Thus, the therapeutic success rate in the RFA group was higher than the EA group. These results
are in line with the previous findings, where it has been demonstrated that RFA showed better volume reduction than EA
at 1-month post ablation and long-term period.***2® In addition, in terms of thyroid function tests and complications,
there were no significant differences between these two techniques. It is noticeable that in the purely thyroid cysts
subgroup, the mean VRR of the RFA group was significantly higher than that of the EA group, while there was no
statistically significant difference in the PCTNs subgroup. In contrast, some previous studies showed that RFA treatment
is not significantly different from EA in terms of therapeutic efficacy as well as therapeutic safety for thyroid cyst
nodules in short-term and long-term follow-up and EA is fewer treatment sessions and is less expensive than RFA.>'%?
The reason for the similar results in both RFA and EA groups in previous studies was the presence of nodule’s colloid
material as well as bleeding from the inside vascular solid component and around the cyst which was related to slow
volume reduction, recurrence, and a need for repeat treatment.*'® From this experience from these studies, we tried to
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remove completely internal viscous fluid before RFA and to find the vascularities inside and around the nodules by using
Doppler ultrasonography and ablated these as much as possible. Baek et al explained that EA was less effective and easy
to recurrence because venous inside the solid component and around the thyroid cyst absorb the injected ethanol'® and
RFA showed good results for these recurrent cases.”®

This study has three main limitations. Firstly, this study had a short-term follow-up of 1 month and a small sample
size. In many longer follow-up studies, RFA proved the significantly greater VRR of cystic nodules at 1 and 3 months
after ablation, however, the difference at 6 months was not significant.'®** So, our study only showed the short-term
result. The second limitation is retrospective study with convenience sampling which had selection bias. Also, since the
data was not collected in a predesigned proforma as per the specific requirements of the study, some data would
inevitably be missing. Finally, in the design of the study as a retrospective study, vascularity grade, cosmetic, and
symptom score were not included because this information was not enough in computerized medical records (Ehealth).
These limitations inspire our group to do larger and longer well-designed prospective blinded randomized studies to
compare exactly the efficacy and safety of EA and RFA treatment for cystic thyroid nodules.

In conclusion, both RFA and EA treatment with single-session confirm the efficacy and safety for cystic thyroid
nodules at 1-month follow-up, RFA reduced greater in nodule volume and the largest nodule size than the EA treatment.
In addition, the therapeutic success rate in the RFA group was higher than in the EA group.

Abbreviations

CNB, Core needle biopsy; FNA, Fine Needle Aspiration; FT4, Free Thyroxine; PCTNs, predominantly cystic thyroid
nodules; RF, Radiofrequency; RFA, Radiofrequency ablation; SD, Standard deviation; TSH, Thyrotropin; VRR, Volume
Reduction Rate; US, ultrasound.
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