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Abstract 
Ultrasound-guided ablation procedures have been growing in popularity and offer many advantages compared with traditional surgery for thyroid 
nodules. Many technologies are available, with thermal ablative techniques being the most popular currently though other nonthermal 
techniques, such as cryoablation and electroporation, are gaining interest. The objective of the present review is to provide an overview of 
each of the currently available ablative therapies and their applications in various clinical indications.
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The use of ultrasound-guided ablation procedures to safely 
treat both benign and malignant diseases of the thyroid was 
introduced over 3 decades ago and has been growing in popu-
larity in the past decade. Many technologies have been devel-
oped, harnessing the power of extreme temperatures, 
chemicals, and electricity. These procedures eliminate the 
need for general anesthesia, surgical incision, and removal 
of the thyroid gland and can be attractive nonoperative alter-
natives for patients.

Thermal ablation is the most widely used, and is based upon 
the principle of inducing irreversible tissue damage by gener-
ating an increase in local tissue temperature [1]. Thermal ab-
lation techniques are differentiated based on the method or 
energy used to achieve the desired temperature within the tar-
get tissue. Radiofrequency ablation (RFA) and laser ablation 
(LA) are currently the most widely used treatments for solid 
nodules, though microwave ablation (MWA) and high- 
intensity focused ultrasound (HIFU) have gained traction in 
recent years.

Nonthermal ablative therapies consist of chemical ablation, 
cryoablation, and irreversible electroporation. The primary 
chemical ablation modality is ethanol ablation and is consid-
ered the treatment of choice for simple cystic nodules [2]. The 
mechanism of cell death is via cellular dehydration, leading to 
protein denaturation and induction of coagulation necrosis, 
and damage to the vascular endothelium and platelet aggrega-
tion, leading to vascular thrombosis and tissue ischemia [3]. 
Cryoablation and irreversible electroporation have been 
used in clinical applications for tumors throughout the 
body, but are less well studied in the thyroid, though their 
use for thyroid nodules is being explored. Cryoablation uses 
circulating cooled fluids such as nitrogen or argon, which rap-
idly expand into gas, creating freezing temperatures in tissues, 

causing physical damage to cellular membranes as well as dis-
rupting metabolic functions and resulting in cell necrosis [4]. 
Finally, irreversible electroporation uses high electric field 
pulses to disrupt and permeate cell membranes causing per-
manent cell damage [5].

Indications for Ablation
Thyroid nodules are very common, with a prevalence of up to 
50% to 60% in the general population [6]. Most nodules are 
benign and asymptomatic, though some may cause compres-
sive symptoms, cosmetic concerns, or subclinical or overt 
hyperthyroidism. Malignant nodules harbor various forms 
of thyroid cancer.

For benign thyroid nodules, clinical manifestations are due 
to nodule growth and symptoms are not necessarily correlated 
with just the size of the nodule. The severity of symptoms 
often depends on other factors such as neck anatomy and lo-
cation of the nodule within the thyroid gland. However, the 
presence of pressure or cosmetic symptoms are considered ap-
propriate indications for intervention. Autonomously func-
tioning thyroid nodules can also cause subclinical or overt 
hyperthyroidism, and may be targeted with ablative treat-
ments. However, the success of achieving and maintaining eu-
thyroidism is less predictable than surgery or radioactive iodine 
(RAI) ablation, especially for larger volume nodules [7, 8].

Thyroid nodules may also harbor malignancies. Prior to 
any therapeutic ablative intervention, fine needle aspiration 
biopsy is indicated to rule out the possibility of malignancy, 
either with 2 benign cytologic results or 1 cytologic 
result with concordant benign ultrasonographic features. 
However, when the cytologic result is indeterminate, diagnos-
tic lobectomy is indicated to achieve definitive diagnosis and 
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to prevent progression of disease [9]. Because ablation does 
not accomplish either 1 of these objectives, and there are 
few data on the short- and long-term safety of ablative proced-
ure for these nodules, it is not currently recommended as first- 
line treatment for indeterminate nodules [2]. Furthermore, 
postablative changes within the nodule may confound future 
attempts at diagnosis. When the diagnosis of malignancy is 
confirmed, surgery is considered the gold standard of treat-
ment for both primary and recurrent well-differentiated thy-
roid cancer. However, there are increasing data to suggest 
that ablative therapies may be safe alternative for the primary 
treatment of small indolent papillary thyroid microcarcinoma 
(PTMC) and recurrent cancers, especially when patient co-
morbidities or anatomy preclude surgical management.

Procedural Considerations
Preprocedure
For all ablative techniques, preprocedural ultrasound is vital 
in assessing the target lesion [2]. Important characteristics to 
evaluate include nodule volume and dimensions, proportion 
of solid and cystic components, vascularity, and anatomic 
landmarks for technical safety. It is also important to perform 
a voice and laryngeal assessment prior to intervention. 
Laryngoscopy is recommended in patients with hoarseness, 
prior neck surgery, or those with nodules close to critical 
structures [10].

Intraprocedure
The procedural setup is similar for all the ablative techniques, 
usually in an outpatient setting under local analgesia (with the 
exception of HIFU, which is performed under general anesthe-
sia). The use of local anesthesia is also advantageous over gen-
eral anesthesia in that it allows the patient to communicate the 
onset of any pain or discomfort, which may represent thermal 
or chemical propagation beyond the thyroid gland, and facil-
itates the monitoring of any potential complications such as 
voice changes or ptosis. A mild sedative may be used to help 
relax the patient during the procedure to minimize head move-
ments and frequent swallowing. The patient is positioned su-
pine in mild cervical extension. A local anesthetic solution is 
infiltrated in the skin puncture site and around the thyroid 
capsule to anesthetize the soft tissue and sensory nerves in 
the capsule. Additional local analgesia or 5% dextrose in 
water (D5W) solution may be used for hydrodissection to sep-
arate the thyroid from any adjacent vulnerable structures and 
to provide a heat sink to protect these structures. The appro-
priate probe is then inserted or applied, and energy is delivered 
while the treatment effect is monitored in real-time under 
ultrasound guidance. Each ablative technique is described sep-
arately in further detail.

Postprocedure
Clinical and ultrasound evaluation is performed immediately 
following the procedure to define the ablated area and to de-
tect potential complications [2]. Cold compresses and anti- 
inflammatory analgesics are often used for any postprocedural 
pain and discomfort. Patients with difficulty swallowing, 
breathing, or speaking should be observed until symptom 
resolution or further evaluated with additional imaging. 
Finally, early- (eg, 3 months), intermediate- (eg, 6 and 12 
months), and long-term (eg, every 1-2 years) clinical, 

biochemical, and ultrasound follow-up is recommended 
[2, 10]. Symptom scores may be used to document symptom 
resolution, laboratory analyses may be performed for func-
tional nodules (eg, thyroid function tests) and malignancy 
(eg, thyroglobulin), and ultrasonography may be used to 
evaluate nodule volume reduction, potential regrowth, and, 
in rare cases, diagnose missed cancers or progression of 
malignant disease [2, 10].

The objective of the present review is to provide an over-
view of each of the currently available ablative therapies and 
their applications and outcomes in various clinical indica-
tions. Table 1 summarizes all ablative techniques as well as 
potential indications and any specific procedural considera-
tions. Table 2 summarizes the published clinical outcomes as-
sociated with each of the thermal ablative techniques. Finally, 
Fig. 1 outlines some basic considerations for technique 
selection and procedural planning though ultimate clinical de-
cision making in technique will be highly dependent on 
individual nodule characteristics, interventionalist skill 
and preferences, and local environment and resources 
available.

Radiofrequency Ablation
RFA is a thermal ablative technique that uses high-frequency 
alternating electric current to generate heat. As radiofre-
quency waves agitate tissue ions, their motion under the influ-
ence of alternating current produces friction and heat. The 
temperature can reach up to 100 °C, dehydrating cells and de-
naturing proteins leading to coagulation necrosis [41]. Heat is 
generated in the tissue within a few millimeters of the elec-
trode tip and heat conduction from the ablated area leads to 
additional thermal damage to tissue further from the elec-
trode. As such, RFA efficacy may be limited by tissue carbon-
ization and heat sink effect from adjacent blood flow or cystic 
components in the target lesion [42].

Technique
The RFA system consists of a radiofrequency generator and an 
internally cooled electrode needle. The RFA probe is intro-
duced in the midline through the isthmus from a medial to lat-
eral direction to the target lesion. The transisthmic approach 
minimizes risk to vulnerable structures adjacent to the thyroid 
and prevents leakage of hot ablated fluid to the perithyroidal 
areas [2]. A moving shot technique is utilized where the oper-
ator moves the probe back and forth in the target lesion under 
ultrasound guidance [43]. The nodule is divided into multiple 
small conceptual ablation units which are treated from the 
deepest and most caudal portion to the most superficial and 
cranial portion of the nodule. Heat is generated in the tissue 
within a few millimeters of the electrode tip and causes tissue 
necrosis, which may be visualized as hyperechoic changes 
under ultrasound. Care is taken to avoid the posterior and lat-
eral capsule to prevent injury to nearby structures, especially 
the recurrent laryngeal nerve, which lies in the “danger tri-
angle” along the trachea in the posteromedial aspect of the 
thyroid. To combat incomplete ablation due to heat sinks 
from surrounding vasculature, vascular ablation has been in-
troduced [2]. The artery-first technique identifies the nodule’s 
main arterial supply by Doppler ultrasound and ablates it pri-
or to the nodule to reduce edema and heat-sink effect. 
Marginal vein ablation technique targets the draining veins, 
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which may also contribute to the heat sink effect. A mean 
power of 35 to 60 W is delivered and the procedure usually re-
quires 15 to 40 minutes [10].

Outcomes

Benign nonfunctioning thyroid nodules
Many studies have demonstrated the efficacy of RFA for redu-
cing the volume of benign nodules. A meta-analysis by Ha et al 
showed a pooled volume reduction of 76.1% at 6 months 
[11]. Long-term studies demonstrated rapid volume reduction 

at 12 months, a plateau from 12 to 36 months, and further 
volume reduction after 36 months [12]. A meta-analysis of 
long-term outcomes reported a pooled volume reduction of 
80.3% at 3 years. The overall complication rate was low at 
4.6% with 1.3% major complications, including voice 
change, laryngeal nerve injury, and brachial nerve injury 
[12]. Generally, RFA is most effective for smaller nodules (vol-
umes less than 10 mL) with larger nodules requiring more 
than 1 treatment [13]. The most important technical param-
eter associated with volume reduction is the total energy deliv-
ered [14].

Table 1. Summary of ablation indication, technique, and procedural considerations

Indications Technique Procedural considerations

Thermal ablation

Radiofrequency ablation 
Uses high frequency alternating electric 

current to generate heat; temperature 
can reach up to 100 °C

Symptomatic benign 
nonfunctioning nodules 

Recurrent thyroid cancer when 
risk of surgery is prohibitively 
elevated 

May be considered for small 
autonomously functioning 
nodules and PTMC 

Minimal data exist for 
indeterminate nodules

Transisthmic approach 
Moving shot technique, treating 

ablative units from deepest to 
most superficial portions

Efficacy limited by tissue 
carbonization and heat sink 
effect from cystic 
component or adjacent 
blood flow

Laser ablation 
Delivers focused light energy through 

optical fibers, which is converted into 
heat through photon scatter; 
temperature can reach up to 100 °C

Symptomatic benign 
nonfunctioning nodules 

May be considered for small 
autonomously functioning 
nodules and PTMC 

Minimal data exist for 
indeterminate nodules and 
recurrent thyroid cancer

Transisthmic approach 
Flexible optical fibers are inserted 

into the target lesion and then 
withdrawn incrementally while 
administering energy pulses

Fixed application of energy

Microwave ablation 
Uses electromagnetic field to cause 

oscillation of polarized particles to 
generate heat through particle 
collision

Symptomatic benign 
nonfunctioning nodules 

May be considered for PTMC 
Minimal data exist for 

autonomously functioning 
nodules, indeterminate nodules 
and recurrent thyroid cancer

Transisthmic approach 
Moving shot technique, treating 

ablative units with 5-10 seconds 
of microwave pulses

Results in high tissue 
temperature not impeded by 
char or heat sink 

Potential greater risk of injury 
near critical structures

High-intensity focused ultrasound 
Focuses high-intensity sound waves 

from numerous sources onto the same 
target, causing tissue vibration and 
frictional heat; generates 
temperatures up to 85 °C

Symptomatic benign 
nonfunctioning nodules 

Minimal data exist for 
autonomously functioning 
nodules, indeterminate 
nodules, PTMC, and recurrent 
thyroid cancer

A probe is positioned on the skin 
and the treatment area is 
mapped by the device 

HIFU pulses are delivered followed 
by cooling time

Completely noninvasive 
technique without needle 
puncture 

Efficacy limited by motion

Chemical ablation

Ethanol ablation 
Ethanol causes direct tissue death by 

cellular dehydration and coagulation 
necrosis and tissue necrosis by 
vascular thrombosis

Cystic nodules Cyst contents are aspirated and 
then irrigated with saline 
followed by ethanol solution

Less predictable area of tissue 
destruction in solid nodules

Other ablation techniques

Cryoablation 
Uses circulating cooled fluids which 

rapidly expand into gas; creates 
temperatures as low as –190 °C

Minimal data exist for 
cryoablation in thyroid nodules

A cryoprobe is placed within the 
target lesion and freezing occurs 
until the “iceball” covers the 
entire lesion under ultrasound 
guidance

More favorable profile near 
nerves, vessels, and airways

Irreversible electroporation 
Uses microsecond-long high electric 

field pulses to cause permeabilization 
of cell membrane

No data exist for irreversible 
electroporation in thyroid 
nodules

Only affects the cell membrane 
and spares the extracellular 
matrix, allowing for its use 
near sensitive structures

Abbreviation: PTMC, papillary thyroid microcarcinoma.
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Table 2. Summary of clinical outcomes for thermal ablation techniques

Ablation technique 
and indications

Volume reduction 
rate

Other outcomes Complications Considerations References

Radiofrequency ablation

Benign 
nonfunctioning 
thyroid nodules

64.5-76.1% at 6 
months 

80.3% at 3 years

Better health-related 
quality of life and patient 
satisfaction compared 
with surgery

4.6% overall complications 
1.3% major complications

Most effective for nodule 
volumes <10 mL 

Most important parameter 
is total energy delivered

[11-14, 
15, 16]

Autonomously 
functioning 
nodules

69.4-76.4% at 12 
months

50-90.9% thyroid function 
normalization at 12 
months 

Higher satisfaction with 
cosmetic outcome, but 
lower satisfaction with 
symptom resolution 
compared with surgery

1.0% complication rate, 
lower than surgery (6.0%, 
P = .002) 

No incidence of 
hypothyroidism, lower 
than surgery (71.5%)

Thyroid function 
normalization generally 
achieved with volume 
reduction by 80% 

Thyroid function 
normalization higher for 
smaller nodules

[7, 12, 17, 
18-20]

Papillary thyroid 
microcarcinoma

99.3-99.9% at 12 
months 

Complete 
resolution in 
65.2-95.8% of 
ablated tumors

0.01% recurrence rate 
No difference in tumor 

progression, lymph node 
metastasis at 4 years and 
5 years compared with 
surgery

0-2.6% overall 
complications 

0% major complications 
Lower complications 

compared with surgery 
(none reported in RFA 
group)

[21-26]

Recurrent thyroid 
cancer

99.5% at 6+ years 
Complete 

disappearance in 
68-93% tumors

No difference in 
recurrence-free survival 
rates compared with 
surgery

Lower overall complications 
(10.2% vs 41.6%) and 
major complications 
(3.1% vs 31.2%) 
compared with surgery

[2, 27-28]

Laser ablation

Benign 
nonfunctioning 
thyroid nodules

48.3-49.9% at 6 
months 

45.9-57% at 3 
years

Pressure symptom 
improvement of 48% 

Cosmetic symptom 
improvement of 86% 

Improved ThyPRO scores 
at 6 months

2.4% overall complication 
rate 

1.8% major complications

More effective in 
spongiform and mixed 
nodules compared with 
solid nodules

[11, 12, 
29-32]

Autonomously 
functional 
nodules

44% at 6 months 
(vs 47% in RAI 
group, P < .001)

50% thyroid function 
normalization at 6 
months (vs 100% in RAI 
group, P = .0025)

No reported complications 
in LA group, compared 
with 2 patients who 
developed 
hypothyroidism in RAI 
group

Small nodule size and large 
volume reduction are 
predictive of thyroid 
function normalization

[7, 18, 
33-34]

Papillary thyroid 
microcarcinoma

88.6% at 12 
months 

Complete 
resolution in 
48.7-100% of 
ablated tumors

0.6-0.92% overall 
complication rate 

0% major complication rate

N/A [23-24, 35]

Recurrent thyroid 
cancer

N/A N/A N/A N/A

Microwave ablation

Benign 
nonfunctioning 
thyroid nodules

88.6-92.4% at 12 
months

Better general health and 
mental health scores at 6 
months and 12 months 
compared with surgery 

Better cosmetic scores 
compared with surgery

52.4% overall complication 
rate 

4.8% major complication 
rate

N/A

Autonomously 
functional 
nodules

N/A N/A N/A Can consider combined 
approach of MWA with 
RAI to reduce RAI dose 
and rapidly control 
hyperthyroidism

[36]

Papillary thyroid 
microcarcinoma

95.3% at 12 
months 

Complete 
resolution in 
56.5% of 
ablated tumors

0.85% recurrence rate 5.1-6.0% overall 
complication rate 

2.5% major complication 
rate

N/A

(continued) 
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Compared with surgery, RFA is associated with fewer com-
plications, better health-related quality of life, and preserva-
tion of thyroid function [17, 44, 45]. However, it can take 
longer to achieve the desired volume reduction. A meta- 
analysis comparing thermal ablation with surgery found no 
difference in symptom improvement but significantly lower 
incidence of pain, hoarseness, and hypothyroidism, better cos-
metic outcomes, and shorter hospitalization with thermal ab-
lation [46]. In a telephone survey of 126 patients treated with 
RFA and 84 patient treated with surgery, there was no differ-
ence in the overall satisfaction, but more patients were fully 
satisfied with the resolution of nodule-related symptoms in 
the surgery group (96% vs 81%) and more patients were fully 
satisfied with the cometic results in the RFA group (92% vs 
69%) [15].

Autonomously functioning nodules
Outcomes following RFA for benign autonomously function-
ing thyroid nodules tend to be more variable than nonfunc-
tioning nodules, with studies reporting rates of thyroid 
function normalization ranging 24% to 86% [47]. 
Bernardi et al demonstrated that 33% of patients 
achieved euthyroidism at 3 months, 43% at 6 months, and 
50% at 12 months after a single RFA treatment. Patients 
went into remission when their nodules were reduced by 
80% after 12 months [7]. A second study from the same group 
showed that thyroid function normalization was significantly 
higher in small nodules than medium-sized nodules (86% vs 
45%) [18]. A meta-analysis reported thyrotropin normaliza-
tion in 71.2% and volume reduction of 69.4% at 12 months 
[19].

Compared with surgery, RFA is associated with lower rates 
of hypothyroidism and complications as well as shorter hos-
pital stay [17]. However, compared with surgery, fewer pa-
tients were fully satisfied with symptom resolution with 
RFA (76% vs 100%), though more patients were satisfied 
with the cosmetic results (97% vs 71%) [15]. Compared 

with RAI, RFA demonstrated greater volume reduction at 
12 months (76.4% vs 68.4%) and higher rates of euthyroid-
ism (90.9% vs 72.0%) [20].

Papillary thyroid microcarcinoma
Surgery is considered first-line treatment for PTMC. 
However, due to the indolent nature of these small lesions, 
nonsurgical options with fewer complications, and better 
quality of life and cosmetic outcomes are desirable. On the 
other hand, these options must also be weighed against active 
surveillance, which has also been established as a satisfactory 
management strategy for PTMC.

Ding et al treated 38 PTMCs in 37 patients and achieved 
complete ablation in all lesions with a mean volume reduction 
of 99.3% without any complications observed [21]. Similarly, 
Zhang et al demonstrated resolution of 41.7% and 95.8% of 
ablated PTMC at 6 months and 12 months, respectively. 
There was no evidence of tumor on ultrasound or core needle 
biopsy and there was no recurrence or lymph node metastasis 
[22]. A meta-analysis of 11 studies of ablation of PTMC found 
a mean pooled volume reduction rate of 99.3% and pooled 
complete disappearance of 65.2% of treated lesions. RFA 
also had significantly higher volume reduction than LA 
(88.6%) and MWA (95.3%) [23]. Another meta-analysis 
found a pooled complete disappearance rate of 76.2% and 
0.01% recurrence rate, which was lower for RFA (0.01%) 
than LA (1.87%) and MWA (0.85%) though not statistically 
significant [24].

A long-term follow-up study comparing RFA with 
lobectomy found no difference in local tumor progression, 
lymph node metastasis, and persistent lesion at 4 years [25]. 
This finding was confirmed by Zhang et al at 5-year 
follow-up. Further, compared with RFA, surgery was 
associated with longer procedure time, longer hospitalization, 
more complications, and lower thyroid-related quality 
of life [26].

Table 2. Continued  

Ablation technique 
and indications

Volume reduction 
rate

Other outcomes Complications Considerations References

Recurrent thyroid 
cancer

N/A N/A N/A N/A

High-intensity focused ultrasound

Benign 
nonfunctioning 
thyroid nodules

48.8-55% at 3 
months 

48.7-51.7% at 6 
months 

68.9% at 12 
months

Improved pressure 
symptoms at 12 months

No major complications 
Lower incidence of 

hypothyroidism 
compared with surgery

Nodule volume predictive 
of ablation success 
(>50% volume 
reduction)

[37, 38-39]

Autonomously 
functional 
nodules

Similar nodule 
volume 
reduction 
compared with 
RAI

Lower thyroid function 
normalization (27%) 
compared with RAI 
(82%, P = .0008)

N/A N/A [40]

Papillary thyroid 
microcarcinoma

N/A N/A N/A N/A

Recurrent thyroid 
cancer

N/A N/A N/A N/A
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Recurrent thyroid cancer
Revision surgery after thyroidectomy for recurrent or residual 
cancer is challenging due to scarring in the thyroid bed, and 
there is a higher risk of injury to the recurrent laryngeal nerves 
and parathyroid glands. As such, many studies have evaluated 
the use of RFA in these settings with complete disappearance 
ranging from 68% to 93% [2]. Choi et al compared RFA with 
repeat surgery in patients with locally recurrent thyroid can-
cers and found no difference in recurrence-free survival rates. 
Immediate postprocedural complications were similar but 
overall (10.2% RFA vs 41.6% surgery, P < .001) and major 
(10.2% vs 41.6% surgery, P < .001) complications were 
more frequent in the surgery group [27]. Longer term out-
comes are emerging and also promising. Chung et al reviewed 
patients who underwent RFA for recurrent PTC with at least 5 
years of follow-up (mean follow-up duration was 6.7 years) 
and found a mean volume reduction of 99.5% with 91.3% 
complete disappearance rate by the final evaluation [28].

Laser Ablation
In LA, a beam of focused light energy is delivered into the tar-
get lesion through an optical fiber. The light energy is con-
verted into heat due to photon scatter and can raise local 
temperature to 100 °C instantaneously, causing coagulation 
necrosis. The most commonly used configuration for thyroid 
nodules is the Nd:YAG or Diode laser with an emission wave-
length of 1064 nm, though other laser sources and optical fi-
bers are available [42]. Relative to the other thermal 
ablation modalities, LA delivers the lowest total energy 
among the thermal ablative techniques, which may confer 
greater safety and control in critical areas [10].

Technique
Under ultrasound guidance, 300-μm flexible optical fiber(s) 
are inserted into the target lesion through the sheath of a 

21-gauge introducer needle, either along the longitudinal 
axis or via a transisthmic approach. Depending on the volume 
of the target nodule, 1 to 4 optical fibers may be used and 
placed at 10 mm distance from each other forming an ellipsoid 
shape matching the nodule [42]. Once the fibers are appropri-
ately positioned, an introducer needle is then withdrawn to 
expose 5 mm of bare fiber. The laser energy is delivered, start-
ing in the deepest part of the nodule. The sheath and fiber are 
then pulled back incrementally, and the energy is administered 
repeatedly to ablate the entire nodule until the superficial mar-
gin of the nodule is reached. A highly echogenic region will de-
velop from heating and vaporization as the nodule is ablated 
and may be followed in real-time with ultrasonography. The 
number of fibers, energy deliveries, and total amount of en-
ergy delivered is tailored to the nodule volume and shape. 
The mean power delivered is usually 3 to 7 W per fiber and 
the procedure requires 15 to 30 minutes [10].

Outcomes

Benign nonfunctioning nodules
Several single-center randomized controlled trials have dem-
onstrated the short- and long-term efficacy of LA. A meta- 
analysis of 5 randomized controlled trials and 2 prospective 
observational studies showed a pooled volume reduction of 
49.9% at 6 months [11]. These results are confirmed by a mul-
ticenter trial of 200 patients randomized to a single LA treat-
ment vs follow-up, which found 57% volume reduction at 3 
years and more than 50% volume reduction in 67.3% of cases 
[29]. Similarly, a large multicenter study of 1534 laser-treated 
nodules demonstrated a mean volume reduction of 72% at 12 
months and few complications (0.9%) [30]. A more recent 
meta-analysis with long-term follow-up reported a pooled 
volume reduction of 48.3%, 52.3%, 45.5%, and 45.9% at 
6 months, 1 year, 2 years, and 3 years [12]. Pooled overall 
complication rate was 2.4%, with 1.8% major complications, 
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Figure 1. Summary and considerations for management of thyroid nodules.
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which included voice change, laryngeal nerve injury, and 
pseudocyst formation [12]. Factors influencing volume reduc-
tion have not been systemically studied, but LA is more effect-
ive in spongiform and mixed nodules than completely solid 
nodules [31].

In addition to volume reduction, LA is effective in improv-
ing symptom and cosmetic concerns. The multicenter 
randomized controlled trial by Papini et al showed a reduction 
of pressure complaints from 38% at baseline to 8% at final 
evaluation [29]. Similarly, Pacella et al found a pressure and 
cosmetic symptom relief of 48% and 86%, respectively [30]. 
One study using the validated 13-scale ThyPRO questionnaire 
found improvement at 6 months [32].

Autonomously functioning nodules
A randomized study compared single LA treatment with RAI 
in 30 patients with subclinical or mild hyperthyroidism from a 
solitary hot nodule and found no difference in mean volume 
reduction, but RAI achieved thyrotropin normalization in 
100% of patients compared with 50% of RFA patients [33]. 
Similar results have been reported in other noncontrolled ser-
ies as well, and thyrotropin normalization often requires mul-
tiple LA sessions [7]. Small nodule size and large reduction 
in volume may be predictive factors in restoring euthyroidism 
[7, 18, 34].

Although current international guidelines do not recom-
mend RFA as primary treatment for autonomously function-
ing thyroid nodules, a pilot study raises the possibility of using 
LA in combination with RAI to achieve faster and greater im-
provement than RAI alone [48].

Papillary thyroid microcarcinoma
The use of LA for PTMC was first reported by Papini et al in 
2011 in a patient at high risk for surgery and demonstrated no 
recurrence or metastases at 2 years [49]. Valcavi et al per-
formed LA in 3 patients with PTMC followed by standard to-
tal thyroidectomy and demonstrated complete PTMC 
destruction on histology [50]. A meta-analysis found a mean 
pooled volume reduction rate of 88.6% and pooled complete 
disappearance of 48.7% of treated lesions [23]. Another 
meta-analysis demonstrated similar pooled complete dis-
appearance rate of 57.3% with a recurrence rate of 1.87%. 
The overall pooled proportions of complications following 
LA was 0.92%, which was lower than RFA (1.7%) and 
MWA (6.0%) though not statistically significant [24]. A 
10-year long-term follow-up study of LA showed 100% dis-
appearance rate after 12 months and the only subsequently 
found foci of PTMC were in untreated areas [35].

Microwave Ablation
MWA uses electromagnetic field to cause oscillation of polar-
ized particles, generating heat as the particles collide convert-
ing kinetic energy into heat [51]. With continuous 
high-frequency microwaves, extensive thermal energy can be 
generated in a short period of time, resulting in a higher final 
tissue temperature that is not impeded by char or heat sink 
[51]. Although this may be valuable in treating larger tumors 
in other organs, these characteristics may also represent disad-
vantages in the compact anatomy of the thyroid and central 
neck where critical structures can lie very close to the target le-
sion [2].

Technique
The microwave system consists of a microwave generator and 
an internally cooled shaft antenna. A small 1- to 2-mm inci-
sion in made in the skin to accommodate the 14- or 16-gauge 
antenna and the antenna is inserted into the target lesion 
under ultrasound guidance [2, 16]. Similar to RFA, a transis-
thmic moving shot technique is used. The nodule is divided 
into smaller conceptual ablation units and treated sequentially 
with 5 to 10 seconds of microwave fire per unit until the entire 
nodule is hyperechoic on ultrasound. Approximately 30 to 
50 W are delivered over 10 to 20 minutes for an average pro-
cedure [10].

Outcomes

Benign nonfunctioning nodules
A meta-analysis of MWA in benign thyroid nodules found a 
pooled volume reduction of 54.3%, 73.5%, and 88.6% at 
3-month, 6-month, and 12-month follow-up, respectively 
[52]. However, this was associated with significant complica-
tion rate of 52.4% with 4.8% major complications (transient 
voice changes, Horner’s syndrome, thyroid dysfunction, and 
nodule rupture) and 48.3% minor complications (pain, burns, 
and bleeding). Cooled MWA has significantly lower minor 
and overall complications than uncooled MWA [52].

A prospective randomized trial of 52 patients demonstrated 
volume reductions of 72.3%, 84.5%, and 92.4% at 3-month, 
6-month, and 12-month follow-up, respectively. Compared 
with surgery, MWA had fewer complications, less pain, short-
er operative time and hospitalization, and lower total costs. 
Those who underwent MWA also had better general health 
and mental health scores at 6 months and 12 months [53]. 
Similar results were found in a larger propensity score 
matched study comparing MWA to surgery, where MWA 
was associated with better cosmetic scores, less blood loss 
and shorter operative time and hospitalization [54].

Autonomously functioning nodules
MWA in functional nodules has not been studied. However, a 
combined approach of MWA with RAI may be used to reduce 
the dose of RAI needed and rapidly control of hyperthyroid-
ism. A pilot study of combined MWA and RAI showed that 
a significant reduction in size of thyroid nodule was associated 
restoration of euthyroidism and reduced dose of RAI [36].

Papillary thyroid microcarcinoma
A meta-analysis found a mean pooled volume reduction rate 
of 95.3% and pooled complete disappearance of 56.5% of 
treated lesions. MWA had a pooled 5.1% complication rate 
with 2.5% major complications [23]. Tong et al performed 
a meta-analysis which showed similar pooled complete dis-
appearance proportion of 62.9% after MWA and recurrence 
of 0.85%. The overall pooled proportions of complications 
following MWA was 6.0% [24].

High-Intensity Focused Ultrasound
HIFU is a completely noninvasive technique uses sound waves 
to target a lesion without the need for even a needle puncture. 
Energy is delivered to a small area by focusing high-intensity 
sound waves from numerous sources onto the same target. 
The conversion of energy causes tissue vibration and frictional 
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heat which generates high temperatures over 85 °C in seconds 
leading to tissue vaporization, microbubble expansion and 
collapse, and cell death [55]. Tissues beyond the focused 
zone experience low density of acoustic energy and remains 
unharmed.

Technique
The HIFU system consists of an energy generator, a cooled 
probe, which is also an ultrasound diagnostic receiver, and a 
computer/monitor. The probe is positioned on the skin to 
view the targeted nodule. The treatment area is mapped by 
the device and may also be manually adjusted by the operator. 
Once the target area is contoured, repeated HIFU pulses are 
delivered followed by cooling time. Each pulse can create tem-
peratures up to 60 to 80 °C. The cooling device circulates 
10 °C liquid through a balloon at the probe, cooling the 
skin during the procedure [2]. HIFU generally delivered 30 
to 40 W and is the most time-consuming of the thermal abla-
tion techniques, lasting 45 to 60 minutes and sometimes re-
quiring multiple treatments [10].

Outcomes

Benign nonfunctioning nodules
The first clinical study treated 25 patients with HIFU for be-
nign multinodular goiter, followed by thyroidectomy. 
Histological examination showed that all treatment effects 
were confirmed to the targeted area without affecting nearby 
structures and the extent of nodule destruction ranged from 
2% to 80% [56]. A systematic review found volume reduction 
of 48.8% to 68.9% after a single treatment [37]. Similar to 
other thermal alation techniques, an inverse correlation be-
tween nodule volume and volume reduction has been reported 
[38, 57]. No major complications were reported in the studies, 
but minor side effects included pain, skin redness, and sub-
cutaneous swelling [37].

HIFU ablation was associated with significantly improved 
pressure symptoms at 12 months compared with baseline 
[38]. Compared with surgery, HIFU ablation was associated 
with shorter length of stay, less subclinical hypothyroidism, 
fewer complications, greater symptom improvement, and 
lower cost [39].

Autonomously functioning nodules
A retrospective study comparing single session HIFU ablation 
and RAI for toxic thyroid nodules found similar volume re-
duction in both groups but significantly improved scintig-
raphy response (94% vs 53%, P = .024) and resolution of 
hyperthyroidism in the RAI group (82% vs 27%, P = .0008) 
[40].

Ethanol Ablation
Ethanol ablation is a chemical ablation technique that is pri-
marily used in predominantly cystic nodules. Ethanol causes 
direct tissue death by cellular dehydration and coagulation ne-
crosis. When it enters the local circulation, ethanol also causes 
damage to the vascular endothelium and platelet aggregation 
leading to vascular thrombosis and tissue ischemia [2]. 
Unfortunately, there is variability in ethanol diffusion from 
the injection site, ablation efficacy is often unpredictable and 
leakage out of the thyroid into cervical tissue may lead to 

pain and late fibrosis. As such, ethanol ablation is more suc-
cessful in small, encapsulated lesions that provide a barrier 
to diffusion and is most effective in cystic nodules. 
However, by the mechanism of vascular thrombosis, ethanol 
ablation has been described in vascular lesions and may play 
an adjuvant role with thermal therapies.

Technique
Under ultrasound guidance, a needle is inserted into the center 
of the cystic nodule—choice of needle gauge is dependent on 
the viscosity of the cyst content. Like in the other modalities, 
a transisthmic approach allows for stabilization of the needle 
and prevents perithyroidal leakage of ethanol. The cyst con-
tents are aspirated and sterile saline solution is used to irrigate 
the cyst to remove any residual debris and cyst contents. Once 
the cyst contents are adequately removed 95% to 99% etha-
nol is injected into the cystic space. The ethanol is allowed 
to sit within the cyst to allow time to react with the cells 
[58]. There is no consensus on whether the ethanol should 
be retained or aspirated and studies have not shown a differ-
ence in success or complications [2].

Outcomes
Ethanol ablation is the recommended first-line treatment for 
benign cystic or predominantly cystic nodules. Volume reduc-
tion following ethanol ablation ranges from 46% to 97% 
[59-62]. At 5 years post-treatment, greater than 75% volume 
reduction persisted in 86.2% of cystic nodules and local symp-
tom improvement in 91.4% [63]. However, due to the less 
predictable area of tissue destruction with ethanol ablation, 
it is not recommended for use in solid thyroid nodules, though 
it can be combined with other ablative techniques in the man-
agement of mixed cystic and solid nodules [2].

Cryoablation
Cryoablation uses circulating cooled fluids such as nitrogen or 
argon, which rapidly expand into gas, creating temperatures 
as low as −190 °C. Ice crystals form at temperatures below 
−20 °C, causing physical damage to cellular membranes as 
well as disrupting metabolic functions, resulting in cell necro-
sis [4]. Cryoablation is more commonly used to treat tumors 
of the liver, prostate, kidney, lung, breast, and bone.

Technique
The cryoablation system includes a cryoprobe and a software 
platform. The cryoprobe is placed within the target lesion and 
the freezing started. Ice growth is observed in real-time with 
ultrasound until the iceball had covered the entire tumor 
with a 2-mm margin. Once the iceball coverage goal is 
achieved, freezing is continued for a total of 10 minutes for 
a single freeze cycle [64].

Outcomes
Cryoablation has a more favorable profile near nerves, vessels, 
and airways. However, there are few reports on the applica-
tion of cryoablation in the thyroid. One retrospective study 
evaluated cryoablation in 10 patients with recurrent PTC in 
whom reoperation was contraindicated due to inseparable 
scarring to tracheal neural and/or vascular structures. 
Technical success, as defined by complete tumor coverage 
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plus 2-mm margin, was achieved in all cases. Mean tumor 
volume reduction was 88% with 60% achieving complete in-
volution during the study period (2019-2021). Complications 
included voice change, Horner syndrome, and intraproce-
dural stridor and hypertension, which all resolved at 
6 months [64]. Another study compared cryoablation with 
ethanol ablation in patients with cervical lymph node metas-
tasis. Cryoablation was associated with fewer recurrences 
than ethanol ablation (0% vs 14.9%) but this was not signifi-
cant. Ethanol ablation also required significantly more treat-
ments [65].

Irreversible Electroporation
Electroporation is the permeabilization of cell membrane with 
microsecond-long high electric field pulses, which can be tran-
sient (reversible) or permanent (irreversible). Reversible elec-
troporation is commonly used for gene transfer during 
genetic engineering. The theoretical advantage of electropor-
ation is that it only affect the cell membrane and spare the 
extracellular matrix within and around the treated area, al-
lowing for its use near sensitive structures such as the esopha-
gus and nerves [5].

Outcomes
Although irreversible electroporation has been used to treat hep-
atic, pancreatic, and prostate cancer for almost a decade, it has 
not be systematically studied in thyroid cancer. A proof of con-
cept study in rats demonstrated complete follicle ablation in the 
treated area without affecting the nearby trachea [5]. A case re-
port described the use of irreversible electroporation in a patient 
with a third recurrence of follicular thyroid carcinoma who had 
already underwent total thyroidectomy followed by partial tra-
cheal resection for the first recurrence and total laryngectomy, 
partial pharyngectomy, and bilateral neck lymph node dissec-
tions for the second recurrence, as well as RAI and external 
beam radiation therapy (EBRT). A new paratracheal recurrence 
was found. Two monopolar needle electrodes were placed 
against the mass under computed tomography fluoroscopy 
guidance and 80 treatment pulses were delivered. Postablation 
computed tomography demonstrated a nonenhancing ablation 
zone. The patient tolerated the procedure well without any com-
plications, and 7-month follow-up computed tomography did 
not show any signs of residual disease [66].

Future Directions
The increasing popularity of ablative techniques in manage-
ment of thyroid nodules has led to the rapid growth of the 
number of studies evaluating the efficacy of these technique 
across a variety of indications. However, further investigation 
is needed to further expand the knowledge base of this evolv-
ing field. Specifically, RFA has been on the forefront of ther-
mal ablation techniques but the other techniques, including 
LA, MWA, and HIFU, have demonstrated valuable advan-
tages. More data are needed for these other thermal ablation 
techniques across all indications and specifically comparative 
studies against RFA and surgery. Despite the wealth of data 
available the role of RFA in benign thyroid nodules, its role 
in cytologically indeterminate nodules and primary malig-
nancy is still poorly understood. Finally, thermal ablation 
techniques are still limited by the risk of thermal spread and 
injury to adjacent structures. Thus, there is increasing interest 

in investigating the role of nonthermal ablation techniques, 
such as cryoablation and irreversible electroporation, that 
negate this concern, and have been adopted in other organ sys-
tems. More robust studies evaluating the role of these non-
thermal techniques are still needed.

Conclusions
The use of ultrasound-guided ablation procedures offers many 
advantages compared with thyroidectomy: minimally inva-
sive, lower complication profile, avoidance of surgery and 
general anesthesia, and greater chances of preserving thyroid 
hormone function. When performed appropriately, they offer 
a safe nonoperative alternative for many patients. The growth 
and adoption of these thermal techniques are quickly chan-
ging the algorithms used to treat thyroid disease.
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