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ORIGINAL RESEARCH
HEAD & NECK

Ultrasound-Guided Radiofrequency Ablation versus
Thyroidectomy for the Treatment of Benign Thyroid

Nodules in Elderly Patients: A Propensity-Matched Cohort
Study

L. Yan, X.Y. Li, Y. Li, and Y. Luo

ABSTRACT

BACKGROUND AND PURPOSE: Ultrasound-guided radiofrequency ablation has been recommended as an alternative to surgery for
benign thyroid nodules. However, little is known about the benefit from the application of radiofrequency ablation for benign thy-
roid nodules in elderly patients. The purpose of this study was to compare the clinical outcomes of radiofrequency ablation versus
thyroidectomy for elderly patients with benign thyroid nodules.

MATERIALS AND METHODS: This retrospective study evaluated 230 elderly patients (60 years of age or older) with benign thyroid
nodules treated with radiofrequency ablation (R group, n ¼ 49) or thyroidectomy (T group, n ¼ 181). Complications, thyroid func-
tion, and treatment variables, including procedural time, estimated blood loss, hospitalization, and cost, were compared after pro-
pensity score matching. The volume, volume reduction rate, symptoms, and cosmetic score were also evaluated in the R group.

RESULTS: After 1:1 matching, each group had 49 elderly patients. The rate of overall complications and hypothyroidism was 26.5%
and 20.4% in the T group, respectively, but these complications were totally absent from the R group (P, .001, P ¼ .001). Patients
in the R group had a significantly shorter procedural time (median, 4.8 versus 95.0 minutes, P, .001) and lower cost (US $1979.02
versus US $2208.80, P ¼ .013) than those treated by thyroidectomy. After radiofrequency ablation, the volume reduction rate was
94.1%, and 12.2% of nodules had completely disappeared. The symptom and cosmetic scores were both significantly reduced at the
last follow-up.

CONCLUSIONS: Radiofrequency ablation could be considered as a first-line treatment for elderly patients with benign thyroid
nodules.

ABBREVIATIONS: IQR ¼ interquartile range; PSM ¼ propensity score matching; PTMC ¼ papillary thyroid microcarcinoma; RFA ¼ radiofrequency ablation;
RLN ¼ recurrent laryngeal nerve; US ¼ ultrasound; VRR ¼ volume reduction rate

Thyroid nodules are common in general, with a prevalence of
20%–76% worldwide by ultrasound (US).1,2 Thyroid nodules

are more common in elderly individuals who have relatively large
nodules compared with their young counterparts.1,3 With the use
of US, Gietka-Czernal detected thyroid nodules in 10% of indi-
viduals approximately 20 years of age and in 50% of those older
than 60 years of age.4 Recently, a study investigated the preva-
lence of thyroid nodules in China from 6,985,956 individuals.
After analysis by age, the prevalence of nodules was decreased in
subjects from 18 years of age or younger (30.8%) to 26 years of

age (20.5%) and gradually increased after 26 years of age up to a
maximum 71.4% in participants 80 years of age or older.5

Most nodules were benign and asymptomatic and could be
managed with observation. Only a small proportion grew with
local cosmetic or compressive problems and required interven-
tion.6 Currently, surgery is the standard treatment for benign thy-
roid nodules. Because the high prevalence and large nodule size
in elderly patients were contributing to an increased number of
thyroid surgeries, the risk of general anesthesia and surgery-
related complications could not be ignored. Age was a risk factor
of complications after thyroid surgery.7,8 Any pre-existing
comorbidities also increased the risk of complications in elderly
patients.7,9 Grogan et al7 reported that the incidence of complica-
tions in young (16–64 years of age), elderly (65–79 years of age),
and superelderly (.79 years of age) patients was 1.0%, 2.2%, and
5.0%, respectively. Consequently, elderly patients were a vulnera-
ble population for surgery and often needed special consideration
and medical care.7 Moreover, some patients needed life-long
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thyroid hormone replacement after surgery. Thyroid hormone
replacement was associated with adverse effects on bones and car-
diovascular systems, which could be more prominent in elderly
patients and postmenopausal women.2,10 Thus, elderly patients of-
ten preferred the nonsurgical option rather than surgery, even if
general anesthesia was possible or a dedicated surgery team was
available.11

US-guided radiofrequency ablation (RFA) and other thermal
ablation techniques have been recommended as alternatives to sur-
gery for patients with benign thyroid nodules.12-16 Well-established
data from multiple centers demonstrated that a significant nodular
volume reduction could be achieved after ablation with relief of
local cosmetic concerns and compressive symptoms.17-24 Although
several studies compared the outcomes between RFA and surgery
for benign thyroid nodules,25,26 little is known about the benefit
from the application of RFA in benign thyroid nodules in elderly
patients.

Therefore, the purpose of this study was to compare the clini-
cal outcomes of RFA versus thyroidectomy for benign thyroid
nodules in elderly patients.

MATERIALS AND METHODS
The Institutional Review Board of the Chinese People’s Liberation
Army General Hospital approved this retrospective study. Written
information consent was obtained from all the patients before RFA
or thyroidectomy.

Patients
The inclusion criteria were as follows: 1) 60 years of age or older;
2) nodules confirmed as benign on 2 separate fine-needle aspira-
tion or core-needle biopsy procedures before treatment; 3) maxi-
mum diameter of. 2.0 cm; 4) no suspicious malignant features on
US, such as marked hypoechoic, irregular margins, taller-than-wide
shape, or microcalcifications;1 5) solid (#10% of fluid component)
or predominantly solid nodules (11%–50% of fluid component);27

6) cosmetic and/or symptomatic problems reported; 7) serum thy-
roid hormone and thyrotropin levels within normal ranges; and 8)
a follow-up period of .12months. The exclusion criteria were as
follows: 1) follicular neoplasm or malignancy reported by biopsy; 2)
nodule with benign results on biopsy but suspected malignancy on
US; and 3) coagulation disorder or serious heart, respiratory, liver,
or renal failure.

The electronic medical records of 602 elderly patients with be-
nign thyroid nodules confirmed by biopsy who underwent treat-
ment between May 2014 and December 2018 were reviewed.
After the exclusion of patients, 181 patients who underwent thy-
roidectomy (T group) and 49 patients treated with RFA (R group)
were included in this study (Fig 1).

Pretreatment Assessment
All patients underwent laboratory tests that included complete
blood count, coagulation tests, and thyroid function tests. The thy-
roid function tests were as follows: free triiodothyronine (normal
range ¼ 2.76–6.30 picomoles per liter [pmol/L]), free thyroxine
(normal range ¼ 10.42–24.32 pmol/L), and thyroid stimulating
hormone (normal range ¼ 0.23–5.50 milliunits per liter). Before
treatment, each nodule underwent US to evaluate the size, loca-
tion, component, margin, shape, echogenicity, calcification, and
vascularity. The nodular volume was calculated as follows: V ¼
pabc/6 (V is the volume, while a is the largest diameter, b and c
are the other 2 perpendicular diameters). The ACR Thyroid
Imaging, Reporting and Data System (TI-RADS) score was used
to evaluate each nodule.28 Measurements of symptomatic or cos-
metic problems was performed using a scoring system according
to Thyroid RFA Guidelines from the Korean Society of Thyroid
Radiology.12 The symptom score was self-measured by patients
using a 10-cm visual analog scale (grades 0–10).12 The cosmetic
score was evaluated by a physician (1, no palpable mass; 2, no cos-
metic problem but palpable mass; 3, a cosmetic problem on swal-
lowing only; and 4, a readily detected cosmetic problem).12

FIG 1. Study flow diagram.
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RFA
All ablation procedures were performed by an experienced US
physician with.20 years’ experience in thyroid US and interven-
tional US. Patients were treated under local anesthesia in an out-
patient clinic. A bipolar RFA generator (CelonLabPOWER;
Olympus Surgical Technologies Europe) and 18-ga bipolar readio-
frequency electrodes with 0.9- or 1.5-cm active tips were used
(CelonProSurge micro 100-T09; Olympus Surgical Technologies
Europe). RFA was performed using recommended ablation tech-
niques, including a hydrodissection technique, a transisthmic
approach, and a moving shot technique.12 The ablation procedure
was terminated when the entire nodule had become hyperechoic.
Contrast-enhanced sonography was performed immediately after
RFA to evaluate the ablated area, which was performed after a
bolus injection of SonoVue (2.4mL; Bracco), followed by 5mL of
normal saline flush. Additional complementary ablation could be
performed if any enhancement existed in the ablated area.29

After RFA, the clinical follow-ups were performed at 1, 3, 6, and
12months and every 12months thereafter. Volume, volume reduc-
tion rate (VRR), cosmetic score, symptom scores, and thyroid func-
tion were evaluated at each follow-up visit. The VRR was calculated
as follows: VRR ¼ [(initial volume-final volume)� 100%] / initial
volume. Technical success was defined as a .50% volume reduc-
tion at last follow-up.27

Thyroidectomy
The thyroidectomy procedures were performed by surgeons with
.20 years’ experience in thyroid surgery. Patients were treated
with lobectomy, with or without isthmusectomy, under general an-
esthesia in the operating room. After surgery, patients were regu-
larly followed up every 6–12months by US and thyroid function.

End Points and Definitions
The primary outcomes were complications and hypothyroidism.
Complications included were recurrent laryngeal nerve (RLN)
injury, hypoparathyroidism, and hypothyroidism. RLN injury
was the impaired movement of one or both vocal cords by laryn-
goscopy.30 Hypoparathyroidism was defined as a parathyroid
hormone level after treatment of ,15 pg/mL at 24 hours.
Permanent RLN injury or hypoparathyroidism was defined as no
recovery after 6months.30

Secondary outcomes were procedural time and treatment
cost. The procedural time of surgery was from incision to closure
without general anesthesia time. The procedural time of RFA was
defined from the electrode inserted in the tumor to ablation ter-
minated without the time of local anesthesia and hydrodissection.
The cost of the 2 treatments was based on the medical expenses
determined by the government. The cost of RFA included the
preoperative examination, ablation procedure, local anesthesia,
and radiofrequency needle costs. The cost of surgery included the
preoperative examination, surgery, general anesthesia, and hospi-
talization, such as the hospital bed, nursing costs, and postopera-
tive medication costs.

Statistical Analysis
Statistical analyses were performed using SPSS statistical soft-
ware, Version 25.0 (IBM) and R statistical and computing

software, Version 3.6.2 (http://www.r-project.org/). Because the
continuous data in this study were all non-normally distributed,
they were expressed as median with interquartile range (IQR)
and compared by the Mann-Whitney U test. Categoric data are
presented as numbers with percentages and compared by the x2

or Fisher exact test. Wilcoxon signed-rank tests were used to
compare the volume, symptom scores, and cosmetic scores before
and after RFA. The Bonferroni correction was used for multiple
comparisons. To control potential bias, we matched the 2 groups
using propensity score matching (PSM). The propensity to
undergo RFA versus thyroidectomy was estimated using a logistic
regression model based on age, sex, largest diameter, nodule vol-
ume, location, and ACR TI-RADS. The matching algorithm was
1:1 genetic matching with no replacement. Patients’ baseline
characteristics and primary and secondary outcomes in the 2
groups were compared before and after matching.

RESULTS
Patient Characteristics
Baseline characteristics of elderly patients in the 2 groups are
shown in the Online Supplemental Data. Before PSM, elderly
patients in the R group had tumors of smaller diameters (median,
4.1 cm; IQR, 1.6 cm versus median, 3.2 cm; IQR, 1.5 cm;
P, .001) and volume (median, 18.6 mL; IQR, 22.0 mL versus
median, 7.4 mL; IQR, 10.1 mL; P, .001) than those in the T
group. After 1:1 matching, 98 elderly patients were included, with
49 in each group (Fig 2).

Primary Outcomes
The comparisons of complications are summarized in the Online
Supplemental Data. Before PSM, the overall incidence of compli-
cations was 36.4% (66/181) in the T group and 0% in the R group
(P, .001). In the T group, 4 elderly patients (2.2%) experienced
transient RLN injury. After treatment by dexamethasone, they
recovered within 3months. Three elderly patients (1.7%) had
transient hypoparathyroidism and recovered after 7 days. One el-
derly patient (0.6%) experienced loss of consciousness once after
surgery. Three elderly patients (1.7%) had fever and recovered in
3 days after medication. Four elderly patients (2.2%) had wound
infection, which resolved in 5 days with antibiotics. One elderly
patient (0.6%) had respiratory dysfunction and recovered after
3 days on a ventilator. A total of 50 elderly patients (27.6%) in the
T group had hypothyroidism and needed thyroid hormone sup-
plementation. However, thyroid function was not affected in el-
derly patients after RFA (P, .001).

After PSM, the overall incidence of complications (0% versus
26.5%, P, .001) and hypothyroidism was significantly lower in
the R group than in the T group (0% versus 20.4%, P¼ .001).

Secondary Outcomes
The treatment-related variables are shown in the Online
Supplemental Data. After PSM, the procedural time (median,
4.8 minutes; IQR, 4.1 minutes versus median, 95.0 minutes;
IQR, 62.0 minutes; P, .001) and cost (median, US $1979.20;
IQR, US $268.40 versus median, US $2208.80; IQR, US $886.90;
P ¼ .013) in the R group were significantly lower than those in
the T group.
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Other Outcomes
All patients underwent a single-session RFA procedure. During
ablation, the median power was 7.5 W, and the mean energy
was 1550 J. The Online Supplemental Data show the volume
reduction during the follow-up for elderly patients treated by
RFA. After ablation, the median volume of the nodules
decreased significantly from 7.4 mL (IQR, 10.1 mL) to 0.3 mL
(IQR, 1.4 mL) with a VRR of 94.1 (15.0%). Technical efficacy
was achieved in all thyroid nodules. Nodule regrowth was not
detected. Six ablated nodules (12.2%) disappeared during the
follow-up. At the last follow-up, the symptom scores signifi-
cantly decreased from median, 3 (IQR, 2) to median, 1 (IQR, 1)
(P ¼ .001), and the median cosmetic scores significantly
decreased from median, 3 (IQR, 1.5) to median, 1 (IQR 1) (P ¼
.001). Figure 3 shows a nodule in an elderly patient before and
after RFA.

In the T group, the median hospitalization was 8.0 (IQR, 4.0)
days, and the median blood loss was 20.0 (40.0) mL. After sur-
gery, the symptom scores significantly decreased from median, 5
(IQR, 4) to median 2 (IQR, 2) (P, .001), and the cosmetic scores
significantly decreased from median, 4 (IQR, 2) to median, 0
(IQR, 0) (P ¼ .001). The final pathology in the T groups was as
follows: 113 nodular goiters, 60 thyroid adenomas, 6 Hürthle Cell
adenomas, and 2 cases of Hashimoto thyroiditis. Among 113
patients with nodular goiters, 2 patients also had a papillary thy-
roid microcarcinoma (PTMC) lesion of,2mm.

DISCUSSION
This study compared the clinical outcomes of RFA versus thy-
roidectomy for benign thyroid nodules in elderly patients. The
results were that the overall incidence of complications and hypo-
thyroidism was 26.5% and 20.4% in the T group, respectively, but
they were totally absent from the R group. The procedural time,
estimated blood loss, hospitalization, and cost were significantly
lower in the R group than in the T group. Moreover, the nodule
volume was significantly decreased after RFA with a median VRR
of 94.1%. The nodule-related symptoms and cosmetic problems
were also clinically improved.

Compared with young individuals, the elderly usually had a
relatively large nodule.1,3 Therefore, the pressure symptoms or
cosmetic problems in the neck including pain, dysphasia, foreign
body sensation, discomfort, cough, neck bulging, and tracheal
compression, were more prominent and needed treatment.
However, because of the complex anatomy in the thyroid and
neck, thyroid surgery had a relatively high risk of complications,
especially in elderly patients.2,7,8,26 RLN injury was the most com-
mon major complication of thyroidectomy, and the rate of tem-
porary and permanent injury was 0.4%–7.2% and 0–5.2%,
respectively.31 It was associated with not only the varied position
and intraoperative injury during surgery but also with increased
age.9,32 Patients 65 years of age or older had a significantly higher
rate of RLN injury compared with those younger than 65 years of
age (8.0% versus 5.4%, P, .001).9

FIG 2. Histogram of PSM.
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Hypoparathyroidism was another major complication, mainly
caused by the manipulation or incorrect removal of the parathyroid
glands. The reported rate of transient and permanent hypopara-
thyroidism was 25.9%–27% and 1%–2.7% after thyroidectomy,
respectively.8,33-35 To prevent hypoparathyroidism, the most prac-
tical approaches included the identification of the parathyroid
glands and protection of the vascular supply; however, these
approaches were not always possible during surgery.36 In this
study, 4 patients (2.2%) experienced transient RLN injury and 3
patients (1.7%) developed hypoparathyroidism in the T group. In
contrast, no patient in the R group had complications. The find-
ings were consistent with those in a previous meta-analysis that
reported the rate of temporary injury after RFA for benign thyroid
nodules as 0.9% and of permanent injury as 0.04%.37 Moreover,
hypoparathyroidism caused by RFA has not been reported yet.37

To avoid complications during ablation, we used several strat-
egies in this study. First, the physician can monitor the electrode
tip and treat the nodule accurately by real-time US. Second, the
moving shot technique, a transisthmic approach, and hydrodissec-
tion techniques were performed to minimize the thermal injury to
the adjacent critical structures.12 Third, the RFA procedure needed
only local anesthesia in the outpatient clinic with a shorter proce-
dural time, which also lowered the risk of complications.12

Hypothyroidism after RFA was rare,38 and the reported rate
of permanent hypothyroidism after RFA was 0.04%.37 This study
found that the thyroid function was well-maintained in all elderly
patients treated with RFA, whereas 27.6% of elderly patients in
the T group developed hypothyroidism and needed thyroid hor-
mone replacement. As a minimally invasive technique, only the
targeted nodule was treated during the RFA procedure, and most
normal thyroid parenchyma was spared without thermal injury.
However, a meta-analysis including 32 studies with 4899 patients

who underwent hemithyroidectomy
reported that the incidence of hypothyr-
oidism was from 5.7% to 48.9% and the
overall risk of hypothyroidism was
22%.39 Kuo et al40 also reported that
because of partial removal of the thyroid
parenchyma during the thyroidectomy,
22%–33% of patients developed hypo-
thyroidism and needed life-long thyroid
hormone replacement. Although thy-
roid hormone replacement is a safe and
generally successful therapy for hypo-
thyroidism, it was difficult to precisely
predict the correct replacement dose in
elderly individuals.41 The gastrointesti-
nal absorption of levothyroxine might
be lower in elderly patients.41 The pre-
existing comorbidities, such as diabetes,
cirrhosis, hypertension, coronary artery
disease, respiratory diseases, and malig-
nancy, might also lower the levothyrox-
ine dose required to normalize serum
thyroid-stimulating hormone levels.41

Furthermore, elderly patients were more
susceptible to the adverse effects of thy-

roid hormone replacement, especially arrhythmia and osteoporotic
fractures. These issues made it difficult to predict the appropriate
levothyroxine dose precisely and carefully in this population.10

RFA and other thermal ablation techniques have been recom-
mended as an alternative to surgery for benign thyroid nodules.12-16

High-level evidence from prospective studies or randomized clini-
cal trials revealed that after ablation, the nodule volume reduction
was significant with improvement of clinical symptomatic and
cosmetic problems.17-24 A meta-analysis reported that the pooled
proportion of VRR at 6, 12, 24, 36months, and last follow-up was
64.5%, 76.9%, 80.1%, 80.3%, and 92.2%, respectively.42 This study
found that after RFA, the volume was significantly decreased with
a median of 94.1% and a complete disappearance rate of 12.2%.
Technical efficacy was achieved in all nodules, and nodule-related
symptoms and cosmetic problems showed clinical improvement.
These results were in line with previous studies suggesting that the
efficacy of RFA was also satisfactory and sustainable for elderly
patients.42

In this study, 2 elderly patients in the T group were also found
to have occult PTMC, suggesting that some benign nodules might
have microscopic foci that could not be detected by preoperative
US evaluation.43 Therefore, surgery was still the current first-line
treatment for benign thyroid nodules.1 However, in the absence
of evidence of extrathyroidal extension, metastatic cervical lymph
nodes, or distant metastases, PTMC often had an indolent nature.
Current guidelines have recommended active surveillance as a
conservative management option to immediate surgery for low-
risk PTMC,1,44 and this has had favorable results.45-47 Although
older age was one of the most important factors predicting poor
prognosis, Ito et al48 reported that the proportion of PTMC pro-
gression was lowest in the elderly patients older than 60 years of
age and highest in the young patients (younger than 40 years of

FIG 3. US image of a 61-year-old woman with a benign thyroid nodule in the right thyroid lobe. A
and B, Before RFA, US image shows a solid benign nodule confirmed by biopsy in the right thyroid
lobe with an initial volume of 14.3mL (arrow). C and D, At 12months after RFA, the volume of the
ablated nodule was 2.0mL (arrow) with a VRR of 86.2%.

AJNR Am J Neuroradiol 44:693–99 Jun 2023 www.ajnr.org 697



age), suggesting that elderly patients with subclinical low-risk
PTMCmay be the best candidates for active surveillance.

This study had limitations. First, it was a retrospective study.
Second, the sample size was relatively small. Third, because el-
derly patients in the R group had smaller nodules than those in
the T group, large nodules in the T group were removed from
comparison by PSM. RFA and other thermal ablation techniques
have been used for large nodules and nodular retrosternal goiters
and have had favorable results.17-24,49 However, it was difficult to
treat the periphery of a nodule completely by a single-session
procedure. Patients with large nodules required multiple treat-
ment sessions to achieve complete ablation.50 The comparison
between multiple RFA sessions versus thyroidectomy for very
large nodules in elderly patients still needs further investigation.
Fourth, the baseline disease status of elderly patients in the 2
groups might be different, despite PSM being used in this study
to control potential biases. Fifth, because of medical insurance
policies, the hospitalization and cost in this study might be differ-
ent in other countries. In China, patients usually completed pre-
treatment examinations after hospitalization, and they were
discharged about 3 days after the surgery. Therefore, the hospital-
ization and cost of elderly patients in other countries need further
investigation.

CONCLUSIONS
For elderly patients with benign thyroid nodules, RFA could be
considered as a first-line treatment with advantages of a lower
incidence of complications and maintenance of thyroid function.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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