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INTRODUCTION

Thyroid nodules are very common in clinical practice; they 
are discovered by palpation in 3–7% and by ultrasound (US) 
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in about 50% of the general population (1). The majority of 
thyroid nodules are benign and asymptomatic, and benign 
thyroid nodules are usually managed by only observation 
and follow-up; however, a minority of them (10–15%) (2) 

Korean J Radiol 2019;20(4):609-620

eISSN 2005-8330
https://doi.org/10.3348/kjr.2018.0696

Review Article | Thyroid Imaging and Intervention

http://crossmark.crossref.org/dialog/?doi=10.3348/kjr.2018.0696&domain=pdf&date_stamp=2019-03-11


610

Hahn et al.

https://doi.org/10.3348/kjr.2018.0696 kjronline.org

increase in size over time and may induce symptoms or 
cosmetic issues. 

Recent guidelines (3, 4) do not recommend thyroid-
stimulating hormone (TSH) suppressive therapy with 
levothyroxine for benign nodules because the effect of 
medication in volume reduction of a thyroid nodule is 
uncertain (5-7) and may result in side effects such as long-
term osteoporosis or atrial fibrillation. Surgical excision 
has been established as a treatment for symptomatic 
benign thyroid nodules. However, it carries a 2–10% risk 
of complications and neck scarring, and may result in 
hypothyroidism (8, 9). Thyroid surgery is also costly and 
may not be appropriate for patients who have a high 
risk of surgical morbidity or those who refuse surgery. 
Therefore, image-guided nonsurgical procedures such as 
ethanol ablation (EA) and thermal ablation have been 
proposed as alternative and less invasive approaches for the 
management of benign symptomatic thyroid nodules (10). 

EA is widely used as a nonsurgical treatment usually 
for cystic (i.e., pure cyst) or predominantly cystic benign 
thyroid nodules (i.e., cystic portion > 50%) (11). Direct 
injection of ethanol through a needle or a catheter for 
the purpose of atrophy of a mass in a solid organ is called 
EA, ethanol injection, or ethanol sclerotherapy. The first 
interventional attempt to treat a thyroid nodule was simple 
aspiration of a thyroid cyst in 1966 by Crile (12). In 1974, 
Miller et al. (13) suggested that simple aspiration alone was 
associated with a high recurrence rate of 58%, which is the 
limit of this treatment. Thereafter, various sclerosing agents 
were used to treat recurrent thyroid cysts (14-16). In 1985, 
Rozman et al. (17) first used ethanol to treat thyroid cysts. 
In 1990, Livraghi et al. (18) used US for EA of functional 
thyroid nodules. Subsequently, US-guided EA of benign 
thyroid nodules was performed by several groups (18-28). 

 In recent years, EA has also been used to treat recurrent 
thyroid cancer (29-35). For the treatment of local recurrence 
of thyroid cancer, surgery should be considered as the first-
line treatment option if the recurrence site is confirmed 
by an imaging technique (3). However, even if recurrent 
cancer is confirmed, reoperation may be technically difficult 
if the normal tissue plane is distorted by the previous 
surgery and the recurrent cancer occurs in an area where 
scarring with fibrosis has developed. In addition, surgical 
complications may occur. External-beam radiation therapy 
can be considered for loco-regional recurrence that is not 
surgically resectable or for cases with extranodal extension 
or involvement of soft tissues, particularly in patients 

without distant metastasis (3). However, external radiation 
may increase morbidity due to complications (36, 37). 
Therefore, image-guided nonsurgical procedures such as 
EA or radiofrequency ablation (RFA) have been proposed as 
alternative therapies for patients who are concerned about 
the complications of external radiation, refuse external 
irradiation, may have serious complications following surgery, 
or who may be at high risk for surgery (29-35, 38-46). 

The Korean Society of Thyroid Radiology organized a 
taskforce to provide recommendations for EA of thyroid 
nodules and recurrent thyroid cancers in August 2017. The 
recommendations include sections dealing with indications 
for EA, principle of EA, standard technique, clinical 
outcomes, postprocedural surveillance and indications for 
additional ablation, and complications. A PubMed MEDLINE 
search was performed to retrieve publications from 1990 
to December 2017 with the following keywords: ethanol, 
ablation, injection, sclerotherapy, thyroid nodule, and 
thyroid carcinoma. Because there are only a few controlled 
clinical studies (47-49) of EA, recommendations regarding 
some issues are based on expert opinion. This limitation 
needs to be overcome in the future by further investigations. 
The goal of these recommendations is to summarize the best 
scientific evidence available and provide a consensus expert 
opinion regarding the use of EA to treat thyroid nodules and 
recurrent thyroid cancer in clinical practice.

Indications 

Benign Thyroid Nodules

Cystic and Predominantly Cystic Nodules
EA can be indicated for the treatment of benign recurrent 

pure cysts or predominantly cystic nodules causing pressure 
symptoms or complaints of neck bulging. The efficacy of 
EA for the management of pure cysts or predominantly 
cystic nodules has been well documented (24, 28, 50-54). 
In a completely cystic nodule, EA can achieve a volume 
reduction of 85–95%. However, in a predominantly cystic 
nodule, the rate of volume reduction varies from 60% to 
90% (24, 28). Results for predominantly cystic nodules with 
a solid portion less than 20% are satisfactory (55). 

Simple aspiration is the first treatment option for 
symptomatic benign pure cysts and predominantly cystic 
nodules. However, simple aspiration has been shown to 
have a high recurrence rate of ≤ 58% (19, 56). Therefore, 
EA is a reasonable approach in patients with recurrent 
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cystic fluid accumulation after initial aspiration. 
A cytological result obtained from simple aspiration can 

confirm that the pure cystic or predominantly cystic nodule 
is benign. In the case of pure cysts, however, cytological 
results are often nondiagnostic or unsatisfactory, even with 
repeated cytological examinations. EA can be used to treat 
recurrent pure cysts, regardless of nondiagnostic results. 
Meanwhile, in cases of predominantly cystic nodules with 
typical benign US findings such as a spongiform appearance 
or intra-cystic comet tail artifact, EA can be performed after 
at least one benign fine-needle aspiration (FNA) result. In 
other cases of predominantly cystic nodules with some solid 
portion, at least two benign FNA results are essential before 
performing the EA procedure. Recurrence rate of thyroid cysts 
was reported to decrease to less than 20% after EA (28).

Hyperfunctioning Thyroid Nodules
EA has been proposed as an alternative therapy to 

surgery and radioiodine for hyperfunctioning nodules (57-
62). The size of nodules has been reported to decrease and 
hyperthyroidism to resolve after EA therapy (63). However, 
the larger the size of the nodule, the harder it is to achieve 
a therapeutic effect (60). EA has shown the greatest 
effectiveness against hyperfunctioning solitary thyroid 
nodules with a volume less than 30 mL (57-60). Recent 
studies reported very good results for hyperfunctioning 
thyroid nodules with a volume greater than 40 mL (64, 65). 

When ethanol is used to treat cystic nodules, ethanol is 
confined within the cystic space. Therefore, the incidence 
of complications is low. However, it is difficult to control 
leakage when ethanol is injected into solid nodules. This 
may cause unwanted complications (66). In addition, 
uneven distribution of ethanol in the nodules requires more 
sessions of treatment than thermal ablation when treating 
the same sized nodules. Due to these drawbacks, the use of 
EA in large solid nodules has been limited (67, 68).

In recent years, new thermal ablation techniques such as 
RFA, laser ablation, microwave ablation, and high-intensity 
focused US have been used to treat thyroid nodules. Many 
researchers recommend EA for the treatment of cystic thyroid 
tumors. Thermal ablation is recommended for solid nodules 
(66, 69-73).

Malignant Thyroid Nodules 

Recurrent Thyroid Carcinoma
Primary treatment for local recurrent thyroid carcinoma is 

surgery, if indicated, followed by radioactive iodine therapy 
and/or thyroid hormone therapy. However, if surgery is 
difficult or serious side effects are likely to occur, US-guided 
minimally invasive treatments such as RFA or EA can be used 
as alternatives. Percutaneous EA is a less invasive procedure 
than surgery for which general anesthesia is required, and 
repeat procedures are easy to perform and safe, which would 
decrease the risk of complications (29-35, 74, 75). 

Before performing EA, recurrence should be confirmed 
via US-guided FNA cytology and/or measurement of the 
washout thyroglobulin (or calcitonin) concentration (11). 

Although only a few studies have evaluated the efficacy 
of EA to treat recurrent thyroid carcinoma, EA has limited 
effectiveness in terms of complete disappearance of 
recurrent nodules and a relatively higher recurrence rate 
during follow-up than RFA (76). Therefore, EA may be 
recommended for complete ablation in patients with 
recurrent thyroid carcinoma with three or fewer local 
recurrent nodules without known distant metastasis, or 
for palliative purposes in patients with known distant 
metastases with recurrent tumors that are increasing in size.

EA requires several treatment sessions (1–6 injections) 
(29, 77). The larger the recurrent tumor size, the more 
treatment sessions are required.

Therefore, based on current evidence (29, 30, 33, 67, 76, 
78-81), EA is an alternative treatment option for locally 
recurrent thyroid carcinomas in patients who are at high 
risk of surgery or those who refuse repeated surgeries as 
well as RFA, depending on the operator’s experience and 
available facilities.

 
Primary Thyroid Carcinoma

Since 1993, only three case reports of the use of EA 
to treat primary thyroid carcinoma have been published 
(82-84). All treatments were performed in patients with 
unresectable tumors or in poor medical condition. Evidence 
for the use of EA to treat primary thyroid carcinoma is 
therefore lacking, and EA of primary thyroid cancer is not 
yet recommended.

Principle 

Therapeutic Mechanism
EA uses ethanol of high purity (95–99%). Ethanol 

has several hydrogen bonds in a single molecule and 
dissolves quickly when it comes into contact with water. 
Its mechanism of action is a combination of the following 
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two effects: 1) coagulative necrosis of tissue due to cell 
dehydration and protein denaturation due to diffusion, 
and 2) ischemic necrosis due to small blood vessel 
thrombus formation and inhibition of enzymatic activity in 
surrounding tissues (19, 85), which may result in fibrosis 
and atrophy of the nodule. The main mechanism is thought 
to be coagulative necrosis for thyroid cysts, and ischemic 
necrosis for solid thyroid nodules (86).

Standard Technique 

Pre-Procedure Evaluation 
It is important to characterize the thyroid nodule and 

evaluate the surrounding critical anatomical structures 
through a preprocedural US examination. The size, 
proportion of solid component, vascularity, and internal 
contents of the cystic component should be carefully 
evaluated on US. Three orthogonal diameters (the 
largest and two diameters perpendicular to it) should be 
measured by US and nodule volume could be calculated 
using the equation V = πabc / 6 where V is volume, a is 
the maximum diameter, and b and c are the other two 
perpendicular diameters. A laboratory test usually includes 
a thyroid function test (measurement of thyrotropin [TSH], 
triiodothyronine, and free thyroxine) (87, 88), while a blood 
coagulation battery (bleeding time, prothrombin time, and 
activated partial thromboplastin time) may be considered 
based on the patient’s medical history or hemorrhagic 
risk. Nodule-related symptom score on a 10-cm visual 
analogue scale (0–10) and cosmetic score (1, no palpable 
mass; 2, a palpable mass but no cosmetic problems; 3, 

cosmetic problems on swallowing only; 4, readily detected 
cosmetic problems) should be measured by patients and 
physician, respectively, as baseline data. An explanation 
of the procedure and informed consent must be provided 
before the procedure. Informed consent should include the 
possibility of adverse events (pain or voice changes are 
symptoms of nerve injury caused by leakage).

Procedures for Benign Thyroid Nodules
Procedures are generally performed on an outpatient 

basis. A 16–20 G needle, 10–25 mL syringe, and 95-99% 
ethanol are necessary for the procedure. There are some 
differences depending on the operator, but the general 
method is as follows.

The patient is placed in a supine position on the bed 
with mild neck extension. After skin sterilization, local 
anesthetic (1–2% lidocaine) is usually injected at the skin 
puncture site. Depending on the viscosity of the contents 
in the cyst, a single 16–20 G needle is inserted into the 
center of the cystic area under US guidance. A trans-isthmic 
approach route is recommended to prevent a change in the 
position of the needle tip and ethanol leakage when the 
patient swallows or talks (Fig. 1). As much internal fluid 
is aspirated as possible and residual debris or colloids are 
removed by saline irrigation. High viscosity fluid of colloid 
cysts may be difficult to aspirate. Several studies on the 
evacuation of viscous cystic thyroid nodules have used 
normal saline irrigation to decrease viscosity, repeated 
ethanol injection into the nodules with an interval period, 
a large-bore needle, or even a large pigtail catheter 
connected to a suction pump (89-93). Then, the operator 

Fig. 1. EA for benign recurrent cyst in right thyroid gland. 
A. 18-gauge needle inserted into center of cystic area via trans-isthmic approach route. B. After aspiration of internal fluid, ethanol was slowly 
injected into cystic space. EA = ethanol ablation

A B
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slowly injects an appropriate amount of 95–99% ethanol 
into the cystic space. The amount of ethanol injected 
depends on the amount of aspirated material in the nodule; 
approximately 50% of the aspirate volume is usually 
injected. Total retention amount of ethanol is empirically 
recommended not to exceed 10 mL, even for large-sized 
nodules (19, 28, 51, 56, 94). However, if injected ethanol 
is to be removed after the procedure, a larger amount of 
ethanol can be used. A sufficient consensus has not yet 
been established regarding the total amount of ethanol 
to use for injection. The exact ethanol amount should be 
tailored according to the size and internal content of the 
lesion, the opinion of the operator during the procedure, 
and patient compliance. An ethanol retention time of 2 
minutes was found to be sufficient by Kim et al. (95), 
because ethanol reacts rapidly with cells. However, there is 
no consensus on whether ethanol should be re-aspirated or 
not after the procedure. Several studies have suggested that 
a short retention (at least 2 minutes) and complete removal 
of ethanol is preferable because longer ethanol retention 
times may increase patient inconvenience and complications 
due to possible leakage of ethanol (95, 96). This also 
has the advantage that the patient’s satisfaction is high, 
because the size of the nodule is reduced immediately after 
the procedure. Kim et al. (53) reported that there was no 
difference in complication or success rated between groups in 
which ethanol was not aspirated or aspirated after injection. 
Therefore, ethanol injection with or without aspiration may 
be used depending on the operator’s preference.

If the patient complains of pain during injection, 
the operator should stop the injection and check for 

perithyroidal leakage. Perithyroidal leakage is less likely if 
the needle tip is well located at the center of the lesion 
and excessive ethanol is not injected. If excessive amounts 
of ethanol are used, it may be helpful to re-aspirate the 
injected ethanol for pain relief. When the procedure is 
finished, quickly pull out the needle and lightly compress 
the puncture site for 5–10 minutes.

Procedures for Recurrent Thyroid Carcinoma
A 1 mL syringe with a 22–25 G needle is usually used 

for EA of recurrent thyroid cancer (30-33, 67). Under US 
guidance, after local anesthesia, 0.1–1 mL ethanol (per 
session) is injected beginning at the deepest and most 
peripheral portion of the recurrent cancer and moving 
to the superficial area. Immediately after the injection 
of ethanol, the treated area becomes echogenic (Fig. 2). 
The position of the needle is important to safely and 
effectively inject ethanol into the entire recurrent thyroid 
cancer lesion. Doppler US is useful for identifying untreated 
vascular areas and subsequent repositioning of the needle. 
Ethanol injections are continued until the entire recurrent 
cancer turned out to be transient echogenic area (32). If 
leakage to the outside of the lesion is detected on US or if 
severe pain occurs, ethanol injection must be terminated 
immediately.

Clinical Outcomes 

Benign Thyroid Nodules 
Current evidence supports the use of EA as a first-

line treatment for pure cysts and predominantly cystic 

Fig. 2. EA for recurrent papillary thyroid carcinoma in right lateral neck. 
A. 23-gauge needle inserted into most peripheral portion of recurrent cancer. B. Immediately after injection of ethanol, treated area became 
echogenic.

A B
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thyroid nodules (24, 28, 50-54). Clinical outcomes of EA 
for benign nodules are evaluated by volume reduction 
and improvement in clinical problems (i.e., improvement 
in cosmetic problems or pressure symptoms) (50, 56, 90, 
93, 94, 97). During the follow-up period, a treated nodule 
volume of less than 1 mL should be considered treatment 
success (95, 98, 99). Previous studies have reported a 
38–98.5% volume reduction after EA of benign thyroid 
nodules (24, 52, 54, 56, 92-94, 99-102), 85–98.5% volume 
reduction after EA of cystic nodules (54, 56, 93, 94, 99), 
64–73.2% after EA of predominantly cystic nodules (52, 
92, 100), and 38–47% after EA of solid nodules (24, 52, 
101, 102). EA is very effective for cystic thyroid nodules, 
and has a low recurrence rate of less than 20% (28). In 
predominantly cystic nodules, recurrence has been reported 
in large or vascular predominantly cystic nodules (95). 
Despite the effectiveness of EA in treating pure cysts 
and predominantly cystic thyroid nodules, about 5–25% 
of patients have nodules refractory to EA (28, 53, 56, 
65). A recent study reported that EA was less effective in 
nodules with more than 20% solid component (55). In 
these recurrent nodules, RFA has been proposed as the next 
step treatment (55, 103) because RFA achieves 91–92% 
volume reduction and improvement in clinical problems in 
patients with incompletely resolved clinical problems after 
EA. Although EA has been used in solid thyroid nodules, 
the efficacy of EA in these nodules is limited because of 
the limited volume reduction and requirement for several 
treatment sessions (52, 55, 96).

In a 10-year follow-up study of patients with cystic 
thyroid nodules (97), EA resulted in a 50% volume reduction 
in 94% (92 of 98) of patients. Moreover, all patients 
showed a significant improvement in cyst-related symptoms 
due to the reduction in cyst volume. Only 6.5% (6 of 92) 
of patients had a recurrent nodule at the 9-year follow-
up. In that study, the mean index cyst volume was 35.2 mL 
(median, 30.5 mL) and the mean number of EA sessions per 
patient was 1.8.

In another study from Korea (49), EA was used to treat 
107 predominantly cystic thyroid nodules and patients were 
followed-up for 55 months. The recurrence rate was 18.7% 
(20 of 107) at the 1-month follow-up. Among 87 patients 
with non-recurrence, 24.1% (21 of 87) showed delayed 
recurrence. Therefore, recurrence is also far more common 
for predominantly cystic nodules treated with EA than pure 
cysts in long term follow up (97).

Success-Related Factors 
Although EA is effective and safe for both pure cysts 

and predominantly cystic nodules, it is more effective for 
pure cysts than predominantly cystic nodules in terms of 
volume reduction, therapeutic success, and requirement 
for additional treatment (52, 57, 95). In the case of cystic 
nodules, the volume of ethanol injected is related to the 
amount of volume reduction; generally 50% of the aspirated 
volume is recommended (47, 52, 90, 95). Vascularity in a 
solid component is one of the major factors that affects 
volume reduction of predominantly cystic nodules after EA. 
According to previous studies (52, 55, 57, 62, 95, 103), 
solid components are more resistant to ethanol than cystic 
components, and the vascularity of solid components may 
cause the drainage of ethanol, thus limiting the success of 
EA. In contrast, intranodular echo-staining can be observed 
during EA when the nodule has poor venous washout of the 
injected ethanol, and this is considered a sign predictive 
of the success of EA (48). The vascular solid component 
can also cause internal bleeding in the nodules during the 
follow-up period after EA (95, 96). For both pure cysts and 
predominantly cystic nodules, the effectiveness of EA can be 
reduced by a large initial volume (> 10 mL) or insufficient 
retention time of ethanol (< 2 minutes) (18, 24, 25, 28, 49, 
50, 60, 92, 95). To successfully treat viscous cystic nodules 
with EA, vigorous aspiration using a large-bore needle 
or normal saline irrigation is required as a pre-step for 
evacuation (47, 52, 90, 92, 95). The success-related factors 
of EA include the nature of the nodule itself (proportion of 
solid portion, vascularity, and initial volume), intranodular 
echo-staining during the procedure, retention time of 
ethanol and the sufficient evacuation of internal content 
before injection.

Recurrent Thyroid Cancer 
Since Lewis et al. (30) in 2002, a few studies have 

reported favorable outcomes after EA treatment of recurrent 
thyroid cancers (29, 31-35). 

In four recent studies with a mean follow-up period 
ranging from 28.2 months to 5.4 years, three studies 
reported size reduction in 92.7–100% of cases (29, 33, 34). 
In contrast, the study by Guenette et al. (35) reported local 
progression in 23.8% of cases. Hay et al. (34) and Heilo et 
al. (33) reported 45.9% and 66.1% complete disappearance 
rates, respectively. In contrast, Hay et al. (34) and Kim et 
al. (29) reported recurrence at sites other than the ethanol 
ablation sites. There were local recurrences at ablation sites 
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in 5.5% and 23.8% of cases enrolled by Heilo et al. (33) 
and Guenette et al. (35), respectively (29, 34). In these 
four studies, the number of treatment sessions varied from 
two to six. Serum thyroglobulin level fell in 19 of 22 (86%) 
cases without thyroglobulin autoantibodies in the study by 
Hay et al. (34). 

Concordantly, Kim et al. (77) reported an increase in 
tumor size in 17.1% of cases while there was no change 
in size in 24.4% of cases after EA for locally recurrent 
papillary thyroid carcinoma based on a minimum 60 months 
of follow-up.

According to the comparison meta-analysis of RFA and 
EA performed by Suh et al. (76), RFA tended to result 
in greater volume reduction and a greater complete 
disappearance rate than EA, while EA tended to show a 
higher recurrence rate and a higher reduction rate of serum 
thyroglobulin level. Fontenot et al. (80) compared surgery 
and EA and reported that the success rate of surgery was 
higher but local recurrence at the treated site was similar 
for the two methods. 

Studies reporting the use of EA to treat recurrent thyroid 
cancers are still limited in number making it difficult 
to generalize outcomes. Further systematic studies with 
greater numbers of cases are warranted.

Postprocedural Surveillance and Indications for 
Additional Ablation of Benign Thyroid Nodules 

Imaging surveillance after EA is usually performed at 1–6 
months after ablation (51-53, 57, 92). Treatment outcomes 
for EA are excellent for thyroid nodules, with a mean 
volume reduction of 65–96.7% reported for cystic thyroid 
nodules after a single session of EA (51-53, 57). If there 
are persistent symptoms or a continuously growing cyst, 
additional EA sessions can be performed. If more than 1 mL 
of cystic contents remains after three consecutive ablation 
sessions, treatments other than EA should be considered if 
required (26). 

For autonomously functioning thyroid nodules, 
normalization of thyroid hormone levels is the therapeutic 
goal for EA rather than a decrease in nodule volume. 
Therefore, serum thyroid function tests, including 
measurement of TSH level and radioisotope scans are 
needed in addition to follow-up US examinations (25, 26, 
50, 57, 58). Consistent monitoring of thyroid function is 
required for patients with functioning thyroid nodules, and 
post-ablation surveillance for 6 months or more is required 

in these patients.

Complications 

Benign Thyroid Nodules 
EA is a safe treatment option for cystic thyroid nodules 

and complications are mostly mild and transient, if 
performed by a person familiar with US-guided procedures 
(87, 88). Localized pain in the puncture site is most 
common, and hematoma, facial flushing, drunken sense, 
hoarseness, dyspnea, and temporary hyperthyroidism 
may occur (57, 95). Most patients complain of mild pain 
lasting from several minutes to several hours immediately 
after the procedure. Patients can recover from this pain 
spontaneously or the pain can be controlled by analgesics. 
Hematoma is a common complication associated with 
pain (52). It occurs when vessels in the thyroid capsule 
are damaged by the needle at the time of puncture (57). 
However, if the puncture site is tightly compressed for 10 
minutes after the procedure, hematoma can be prevented.

Recurrent Thyroid Cancer 
Based on a systemic review of the use of EA or RFA to 

treat recurrent thyroid cancer, the pooled proportion of the 
complication rate of EA was lower than that of RFA (0.8% 
vs. 5.8%), although this difference was not significant (p = 
0.8479) (76). Several previous investigations have reported 
the complications of EA of recurrent thyroid cancer (29-32, 
34, 35, 75, 78, 104) (Table 1). Potential complications of EA 
include local pain or discomfort, hoarseness, radiating pain 
to the teeth, jaw, head and chest, and tumor implantation 
through the needle track (78). Delayed complications have 
not been reported in studies that had performed long-term 
follow-up (mean, 74 months) (34, 77). 

Local pain or discomfort occurs during injection of 
ethanol in most cases. Most patients experience mild pain 
or discomfort at the puncture site, which lasts from several 
minutes to several hours during or/and immediately after 
the procedure. This pain can resolve spontaneously or be 
controlled by analgesics. It can be prevented by sufficient 
injection of lidocaine to perilesional soft tissue and slow 
injection of ethanol within the target lesion only. 

Hoarseness is an important complication that results 
from damage to the recurrent laryngeal nerve or vagus 
nerve. Hoarseness occurs frequently when the target lesion 
is located in the thyroid bed or around the carotid sheath. 
Most cases with hoarseness are transient and last from 
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several days to weeks, and recover spontaneously within 
3–6 months. Permanent hoarseness has not been reported 
in cases with recurrent thyroid cancer treated by EA (81). 
The cause of nerve injury is local spillage of ethanol into 
the surrounding soft tissue. To prevent this complication, 
the needle tip should be accurately positioned within the 
lesion and an extremely small amount of ethanol should 
initially be injected (32). The injection of ethanol should 
be discontinued if ethanol spillage is detected on real time 
US or if the patient complains of considerable pain during 
ethanol injection. The vagus nerve is also a critical structure 
related to hoarseness (81). It can be easily identified on 
US and is located in the carotid space, especially between 
the carotid artery and internal jugular vein posteriorly. The 
operator should identify its location and variations during 
US examination to treat recurrent thyroid cancer located 
near the carotid space.

Tumor implantation through the needle track is a very 
rare complication of EA in cases with recurrent thyroid 
cancer. A case of cutaneous implantation of papillary 
thyroid cancer originating from a metastatic lymph node in 
the left paratracheal area that occurred a few months after 
EA was reported (104). Because this rare complication is 
clinically relevant, physicians should take into account that 
this can occur months to years after EA.

Various complications of US-guided EA related to 
treatment for recurrent thyroid cancers can develop. The 
operator should have knowledge of these complications and 
technical tips to avoid procedural-related complications.

CONCLUSION

EA should be the first option for the treatment of pure 
cysts and predominantly cystic nodules that are not treated 
with simple aspiration. EA of solid nodules has limited 
therapeutic effect and may require multiple sessions. 

Long-term outcomes of EA treatment of recurrent 
papillary thyroid carcinomas indicate that EA is a secondary 
treatment option with some limitations, even though it can 
successfully decrease tumor volume. 

Unlike surgery, EA is a safe procedure that is easy to 
repeat, is inexpensive, can be performed easily on an 
outpatient basis, and has only transient side effects. 
The present consensus statement provided here will help 
promote the clinical application of EA.
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