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Abstract 

Purpose: This retrospective study aimed to explore the importance of risk assessment and 
hydrodissection pre-treatment for radiofrequency ablation of thyroid nodules and initially establish 
the concept of thyroid nodule risk assessment and the corresponding ablation norms. 
Method: Based on the specific location of thyroid nodules, risk assessment and the corresponding 
preventive measures for thyroid ablation were established. During the period of 2015.10-2017.5, a 
total of 382 patients were enrolled to compare the safety and efficacy of the ablation for patients 
with or without risk assessment and the corresponding preventive measures. Statistical analysis 
encompassed Independent T test for continuous variables and Fisher’s exact test/Chi-square test 
for categorical variables. 
Result: Of all 382 patients, 188 patients underwent ablation with risk assessment and the 
corresponding preventive measures before ablation and 194 without, respectively. The patient 
characteristics, risk grading, ablation time, thyroid function after ablation and the complete ablation 
rate showed no statistical differences exsisted between two groups (P>0.05). The complication in 
very high risk nodules was avoided in the group of patients with risk assessment and preventive 
measures before ablation.  
Conclusion: It is a very safe and effective way to carry out radiofrequency ablation after 
pre-treatment of thyroid nodules by hydrodissection technique according to risk assessment. It will 
provide clinicians with greater help in the ablation treatment of thyroid nodules, and improve the 
safety of the thyroid ablation. 

Key words: Thyroid Nodule; Neoplasm Grading; Ablation Techniques; Evaluation Studies; Comparative Study. 

Introduction 
Thyroid nodules accompanied with partially 

compressive symptoms or malignant trendency need 
to be treated [1, 2]. Currently, traditional treatments 
for thyroid nodules are medication and surgery. The 
effect of thyroxin treatment still remains 
controversial. The relapse rate was significantly high 
when the drug was discontinued. Also the long term 
use of thyroxin could lead to a series of side effects. 
Relatively, the effect of surgical treatment was more 
obvious; however, it was not accepted by some 
patients due to its relatively high incidence of 

complications, including long incision, more bleeding, 
permanent scar in the neck, reduced thyroid function 
and permanent injury of the superior or recurrent 
laryngeal nerve. 

Radiofrequency ablation (RFA) has been widely 
used in the treatment of thyroid nodules, and it has 
been confirmed to be effective and safe [3, 4]. 
However, due to the small size, and complex adjacent 
structures of the thyroid gland, there is still a certain 
rate of complications occurred during ablation. The 
recurrent laryngeal nerve injury caused by heat injury 
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was occurred with the incidence of 1.02% - 2.4% [5-7]. 
In addition to the recurrent laryngeal nerve, the 
anterior cervical muscles, trachea, esophagus, 
common carotid artery, internal jugular vein, 
parathyroid glands, cervical sympathetic trunk and 
vagus nerve are also closed to the thyroid [8, 9]. These 
structures are likely to be damaged during thermal 
ablation, and should be protected before thermal 
ablation. Currently, RFA of thyroid nodules is mostly 
performed under ultrasound guidance [10]. Although 
current ultrasound reports could guide the surgical 
treatment of thyroid nodules, it is impossible to 
accurately describe the risk of thyroid nodules at 
different sites during ablation.  

From November 2014, ultrasound-guided RFA 
of thyroid nodules was performed in our department. 
In clinical practice, we found that the difficulty and 
risk of the ablation were significantly different 
because of the location and the adjacent structures of 
the nodules, even if they owned the same size. In the 
thermal ablation of thyroid nodules, if ignoring these 
differences, the risk of the ablation and the 
postoperative complication occurrence rate might be 
increased. Therefore, summarizing our clinical 
experience of thyroid nodules, we firstly established a 
risk assessment method for ablation based on the 
location and adjacent structures of thyroid nodules to 
clarify the risk degree of each nodule. According to 
the risk assessment, hydrodissection technique, which 
was focused on separating the thyroid nodules from 
the surrounding important structures, was performed 
before ablation to ensure the safety of ablation 
treatment and reduce the incidence of complications. 
In this study, the risk assessment method and the 
hydrodissection technique for ablation of thyroid 
nodules were systematically described. Also, the 
effects of these techniques were evaluated in the 
treatment of benign thyroid nodules in our center. 

Materials and Methods 
Patients 

From November 2014, ultrasound-guided 
percutaneous radiofrequency ablation was carried out 
in our hospital after the approval of the ethics 
committee of our hospital. All patients gave written 
informed consent before treatment. Patients 
underwent ablation had to meet all of the following 
criteria. Inclusion criteria: (1) Patients who were 
clearly diagnosed with benign thyroid nodules by 
ultrasound-guided thyroid fine needle aspiration 
cytology biopsy according to the guideline of 
American Thyroid Association (ATA); (2) Patients 
had obvious compressive symptoms because of the 
large thyroid nodules (≥2cm), or patients had nodules 
classified as TI-RADS 4a or above, worried about 

malignancy and wanted to be treated. (3) Patients 
who voluntarily received radiofrequency ablation; (4) 
Patients with normal thyroid function or those whose 
thyroid function has been adjusted to the normal 
range by endocrine treatment; (5) Patients with 
normal coagulation function during preoperative 
blood tests; (6) Patients with a normal chest 
radiograph and electrocardiogram (ECG) recording; 
Exclusion criteria: (1) Patients who were clearly 
diagnosed with malignant thyroid tumors by 
ultrasound-guided thyroid fine needle aspiration 
cytology biopsy; (2) Female patients in pregnancy or 
lactation; (3) Patients accompanied with severe 
systemic disease, such as severe coagulation 
disorders, myocardial infarction, stroke, cancer, 
connective tissue disease (scleroderma or systemic 
lupus erythematosus), systemic infection and 
uncontrolled diabetes; (4) Patients accompanied with 
severe physical, neurological and psychiatric 
disorders. 

Before ablation, all patients underwent 
contrast-enhanced ultrasonography and ultrasono-
graphy to observe the nodules. And thyroid function 
tests were examined pre- and first day after RFA. 
During ablation, for patients with multiple nodules, 
all nodules including ≥2cm and <2cm, were treated. 

Risk assessment and preventive measures 
In clinical practice, based on the position of 

thyroid nodules, we established a risk assessment 
method for the ablation of benign thyroid nodules, 
and explored a corresponding preventive measure of 
"hydrodissection technique" to improve the safety of 
the ablation. And from August 2016, the risk 
assessment method and the preventive measure of 
“hydrodissection technique” systematically started to 
be used in our center.  

Risk assessment method for ablation 
Due to the small volume and complex adjacent 

structure of thyroid, it still has a certain incidence of 
complications for the ablation. The adjacent 
structures, such as recurrent laryngeal nerve, anterior 
cervical muscles, trachea, esophagus, common carotid 
artery, internal jugular vein, parathyroid glands, 
cervical sympathetic trunk and vagus nerve, might be 
thermally damaged during thermal ablation. Using 
ultrasound, we divided the risk of ablation into four 
grades to guide the ablation process of thyroid 
nodules based on the location and distance from 
adjacent structures of the nodule. The evaluated 
criterion (Table 1) was based on consideration of the 
following concepts: 

Grade 0, low risk: Nodules located in the thyroid 
gland parenchyma, and were far away (≥2mm) from 
all important structures in the neck (Figure 1(A)). 
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Conventional radiofrequency ablation was needed 
during the treatment process with completely 
ablation as the goal. 

 

Table 1. The risk assessment system for the ablation of benign 
thyroid nodules 

Grade Location of nodules 
Grade 0, low risk Nodules located in the thyroid parenchyma, and the distance 

between nodule edge and adjacent important structures was 
≥ 2 mm. 

Grade 1, median risk The distance between nodule edge and carotid sheath, 
anterior cervical muscles or cervical posterior muscles was 
less than 2 mm. 

Grade 2, high risk The distance between nodule edge and trachea, esophagus, 
or recurrent laryngeal nerve was less than 2 mm. 

Grade 3,Very high 
risk 

Both Grade 1 and Grade 2 were existed. 

 

Grade 1, median risk: These nodules located far 
away from recurrent laryngeal nerve, trachea, 
esophagus and so on, however the distance between 
the margin of the nodules and carotid sheath, anterior 
cervical muscles or cervical posterior muscles was less 
than 2 mm (Figure 1(B)). During ablation, the major 
risk was the damage of the anterior cervical muscles, 
posterior cervical muscles, skin, blood vessels or 
nerves on the surface of thyroid. The complications 
after ablation included long-term discomfort in the 
neck, unsightly appearance, or other corresponding 
symptoms of blood vessel and nerve injury. The 
impact of these complications was relatively mild, 
and this type of nodules was classified as Grade 1, 
defined as a median risk nodule.  

 

 
Figure 1. Location of nodules in different risk grade. A, Grade 0, Low risk location. B, Grade 1, Median risk location. C, Grade 2, High risk location. D, Grade 3, Very high risk 
location. 
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Grade 2, high risk: The distance between the 
nodules and the trachea, esophagus or recurrent 
laryngeal nerve was less than 2mm (Figure 1(C)). In 
the ablation process, the damage of trachea, 
esophagus or recurrent laryngeal nerve caused by 
thermal energy, could not cure by itself and require 
surgical treatment. The damage of these organs was 
serious, especially for the injury of recurrent laryngeal 
nerve. These nodules were classified as Grade 2, 
defined as high risk nodules. 

Grade 3, very high risk: This type of nodules 
located within 2mm around the recurrent laryngeal 
nerve, trachea, or esophagus (<2mm), while the 
distance to carotid sheath, anterior cervical muscles or 
cervical posterior muscles was also less than 2mm 
(Figure 1(D)). Due to the difficulty and high risk of 

ablation, these nodules were classified as Grade 3, 
defined as very high risk nodules.  

“Hydrodissection technique”, a pretreatment to 
ensure the safety of ablation 

To ensure the safety of ablation, we developed a 
pretreatment of “hydrodissection technique”. For 
nodules of Grade 1-3, the “hydrodissection 
technique” was used before the ablation. Using sterile 
syringe, sterile water was injected between the 
thyroid nodules and surrounding tissues, until the 
nodules and surrounding tissues were completely 
separated. Then the ablation was performed and 
during the ablation sterile water was continuously 
injected to ensure the completely separated status of 
the nodules from surrounding tissues (>2mm 
between nodules and surrounding tissues) (Figure 2).  

 

 
Figure 2. “Hydrodissection technique” for nodules in risk areas. A-H, the range and effect of the hydrodissection for nodules in different location. 
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For patients with nodules of Grade 1-3, general 
anesthesia was used to ensure the performance of the 
“hydrodissection technique” and the accurate vital 
signs were monitored during ablation. Considering 
the opinion of patients, general or local anesthesia 
was used for other patients with nodules of Grade 0. 

Radiofrequency ablation therapy 
Medsphere RF Generator S-500 (Medsphere, 

Shanghai, China) was used for RFA treatment. 
Radiofrequency ablation was performed in the 
operating room. Tracheal intubation was used for 
general anesthesia and local anesthesia was 
performed for some patients. Local anesthesia was 
performed for patients meeting the following 
conditions: (1) Fewer than three nodules; (2) The 
largest nodule measuring less than 2 cm in diameter; 
(3) The expected entire operation time was less than 
30 min; (4) No history of hypertension; (5) Patients 
with good compliance. Otherwise, general anesthesia 
was selected. After anesthesia, a shoulder pillow and 
a neck pillow were put under the patient's shoulder 
and neck to make patients remain neck extensional 
position. Patients were routinely disinfected before 
paving sterile sheet. Methylprednisolone (40mg) was 
administrated before ablation to prevent glandular 
dilatation or thyroid crisis [11]. Radiofrequency 
ablation power was adjusted to 20-40 W, using the 
impedance mode. Based on the diameter of nodules 
parallel to the ultrasonic probe, the different ablation 
electrode was selected, electrode with 0.5cm active tip 
was selected for nodules <1cm, while electrode with 
1cm active tip was selected for nodules >1cm. The 
vicinity of thyroid gap near the neck front center line 
was prior selected as the insertion position of ablation 
needle and the radiofrequency electrode was 
punctured into the bottom of the tumor through 
thyroid nodules under ultrasound guidance. After 
radiofrequency ablation instrument started, 
vaporization was observed around the electrode until 
the tumor was completely covered by transient 
hyperechoic zone. For large nodules (≥2cm), if 
effective ablation could not be achieved by the single 
site ablation, then multi-plane puncture and 
multi-level ablation method were used. By adjusting 
the direction of the electrode and ablation plane, 
multiple ablations were performed until the tumor in 
the three-dimensional space was completely covered 
by transient hyperechoic zone. Ultrasonography was 
used to evaluate the ablation of thyroid nodules in 
real time during ablation. If there were some areas of 
reinforcement within the nodules, timely 
supplemental ablation could be carried out to avoid 
nodule residue to the greatest extent. After ablation, 
repeated ultrasound angiography was performed to 

observe the thyroid nodule contrast agent perfusion. 

Postoperative review 
One month after radiofrequency ablation, all 

patients underwent contrast-enhanced ultrasono-
graphy and ultrasonography to observe whether their 
thyroid nodules were completely ablated, so as to 
evaluate the efficacy of radiofrequency ablation. 
Completely ablation was defined as no contrast agent 
perfusion after injection of ultrasound contrast agent 
(SonoVue) in postoperative thyroid nodules. 
However, if there was local perfusion in the lesion 
area, it was indicated that thyroid nodules were not 
completely ablated. In addition, thyroid function 
changes and complications were also recorded to 
assess the safety of radiofrequency ablation.  

Statistical analysis 
Continuous parameters were expressed as 

median and range, while categorical variables were 
expressed as number and percentage. Independent T 
test for continuous variables and Fisher’s exact 
test/Chi-square test for categorical variables were 
employed to perform statistical analysis between- 
group comparisons. And statistical significance was 
set at P<0.05. SPSS version 22.0 (IBM Co., Armonk, 
NY, USA) was performed for all statistical analyses. 

Results 
From August 2016, we systematically used the 

risk assessment method and “hydrodissection 
technique” in the clinical practice. Between August 
2016 and May 2017, 188 patients with 626 nodules 
underwent ablation in our center. Based on the risk 
assessment methods, the nodules of every patient 
were evaluated and the “hydrodissection technique” 
was performed on nodules of Grade 1-3 before 
ablation. Also we retrospectively reviewed and 
evaluated 756 nodules of 194 patients which were 
ablated in the period between October 2015 and July 
2016. The safety and efficacy of ablation between two 
periods were compared.  

Clinical characters and risk grading 
A total of 382 patients studied in this 

comparison, including 194 patients underwent 
ablation without risk assessment and pretreatment 
between October 2015 and July 2016, while 188 
patients were evaluated by the risk of the nodules and 
pretreated by the “hydrodissection technique” before 
ablation between August 2016 and May 2017. The 
detailed characters were shown in Table 2. The age, 
gender, nodules’ number, size of the nodules, and 
even the thyroid function were similar between two 
periods (P>0.05). 
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Table 2. Patient Characteristics 

Characteristics 2015.10-2016.7 2016.8-2017.5 P value* 
No. of patients 194 188 / 
No. of nodules 756 626 / 
No. of nodules treated per patient   0.072 
 Median (Range) 3(1-17) 3(1-12)  
 1 48(24.7%) 38(20.2%)  
 2 28(14.4%) 44(23.4%)  
 >2 118(60.8%) 106(56.4%)  
Size of nodules, mm   0.576 
 Median (Range) 6.7(2-67) 6.8(1-60)  
 <=20mm 682(90.2%) 559(89.3%)  
 >20mm 74(9.8%) 67(10.7%)  
Age, years   0.64 
 Median (Range) 50(17-83) 48(25-79)  
Gender   0.30 
 Male 37(19.1%) 44(23.4%)  
 Female 157(80.9%) 144(76.6%)  
Thyroid function index, 
Median(Range) 

   

 FT3 4.99(2.95-7.96) 4.895(3.28-8.45) 0.84 
 FT4 15.965(6.75-120) 15.64(0.3-22.31) 0.08 
 TGAb 0.12(0.12-2000) 0.12(0.1-2000) 0.33 
 TPOAb 11.415(1.78-660.9) 15.485(0.1-600) 0.90 
 TRAb 0.3(0.3-519.3) 0.3(0.03-7.95) 0.33 
 TSH 1.305(0.01-14.56) 1.735(0.01-9.91) 0.08 

* P value was calculated using the Independent T test for continuous variables and 
Chi-square test for categorical variables. 

 
According to the risk assessment, the risk of the 

nodules and patients in two periods were evaluated. 
As showed in Table 3, very high risk nodules 
accounted for the largest nodules both in the two 
periods (2015.10-2016.7: 335/44.3% VS 2016.8-2017.5: 
295/47.1%). Meanwhile, the majority of the patients 
between two periods were located in the very high 
risk grade (2015.10-2016.7: 155/80.0% VS 
2016.8-2017.5: 152/80.8%). There was no significantly 
differences existed in the risk of nodules and patients 
between the two periods. 

 

Table 3. The risk grading of patients between two periods 

Risk Grading 2015.10-2016.7 2016.8-2017.5 P value* 
Nodules 
no. 

Patients 
no**. 

Nodules 
no. 

Patients 
no**. 

0, Low risk 64(8.5%) 3(1.5%) 45(7.2%) 2(1.1%) Nodules: 
 0.267 1, Medium risk 278(36.8%) 27(13.9%) 237(37.9%) 26(13.8%) 

2, High risk 79(10.4%) 9(4.6%) 49(7.8%) 8(4.3%) Patients: 
 0.975 3, Very high 

risk 
335(44.3%) 155(80.0%) 295(47.1%) 152(80.8%) 

* P value was calculated using the Chi-square test. 
** The risk of patients was determined based on the highest risk of their nodules.  

 
For each patient in the period of 2016.8- 2017.5, 

risk assessment was performed for all nodules and 
“hydrodissection technique” was used for nodules of 
Grade 1-3 before the ablation to ensure the safety. An 
example of a patient with a nodule of Grade 3 was 
shown in Figure 3. 

Postoperative complications and clinical 
outcomes 

Both in two periods, ultrasound-guided 
percutaneous thyroid nodule radiofrequency ablation 

was performed successfully. In the period of without 
risk assessment and pretreatment, three patients 
(1.6%) occurred the damage of recurrent laryngeal 
nerve, while one patient (0.5%) occurred the damage 
of cervical sympathetic trunk. All four patients were 
evaluated as very high risk grade. After using the risk 
assessment and pretreatment, no server complication 
was found, such as severe bleeding, skin burns and 
severe thyroid crisis. More importantly, damage of 
anterior cervical muscle, recurrent laryngeal nerve, 
trachea, esophagus, common carotid artery, internal 
jugular vein, parathyroid glands, cervical sympathetic 
trunk and vagus nerve was also not occurred. The 
occurrence of the complication was reduced after the 
using of the risk assessment and the “hydrodissection 
technique” pretreatment. However, the total ablation 
time was similarly, and the indexes of the thyroid 
function were in normal range and no obvious 
difference existed between two periods (P>0.05) 
(Table 4). 

 

Table 4. The complications and clinical outcomes after ablation 
compared between two periods. 

 2015.10-2016.7 2016.8-2017.5 P value* 
Complication rate among different risk grading (Patient Number(n) , rate(%) ) 
0, Low risk 0(0%) 0(0%) / 
1, Medium risk 0(0%) 0(0%) / 
2, High risk 0(0%) 0(0%) / 
3, Very high risk 4(2.1%) 0(0%) 0.123 
Complications (Patient Number(n) , rate(%)) 
Severe bleeding 0(0%) 0(0%) / 
Skin burns 0(0%) 0(0%) / 
Damage of anterior cervical 
muscle  

0(0%) 0(0%) / 

Damage of recurrent laryngeal 
nerve  

3(1.6%) 0(0%) 0.248 

Damage of esophagus 0(0%) 0(0%) / 
Damage of common carotid 
artery 

0(0%) 0(0%) / 

Damage of internal jugular vein 0(0%) 0(0%) / 
Damage of parathyroid glands 0(0%) 0(0%) / 
Damage of cervical 
sympathetic trunk 

1(0.5%) 0(0%) 1.000 

Damage of vagus nerve 0(0%) 0(0%) / 
Total ablation time for one patient, mean (min) 
Total ablation time 2.47 1.53 0.06 
Thyroid function one month after ablation, Median(Range) 
FT3 4.855(3.7-11.99) 4.88(3.64-53.69) 0.08 
TGAb 15.24(8.81-24.31) 14.905(1.55-67.19) 0.35 
TPOAb 0.12(0.12-2000) 0.12(0.12-4000) 0.87 
TRAb 10.885(5-600) 16.57(5-600) 0.34 
TSH 0.3(0.3-10.96)) 0.3(0.3-20.45) 0.77 
FT4 1.495(0.01-36.52) 1.69(0.01-12.04) 0.66 

* P value was calculated using the Independent T test for continuous variables and 
Fisher’s exact test for categorical variables. 

  

Efficacy of ablation  
Postoperative review results 1 month after 

radiofrequency ablation showed that, the complete 
ablation (CA) rate was comparable between two 
periods (94.84% VS 94.15%, P=0.765). For the mean 
volume reduction ratio (VRR), no significantly 
differences occurred between two periods (P=0.59), 
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the average of the volume reduction was reached to 
23% and 30% in two periods.  

Discussion 
In this study, we compared the clinical outcomes 

of ablation patients with benign thyroid nodules 
before and after the using of the risk assessment and 
the hydrodissection technique pre-treatment. Both in 
two periods, we aimed to receive the complete 

ablation of all nodules, the nodules including ≥2cm 
and <2cm, were all covered by the ablation range. 
And the safety of the ablation was improved after the 
using of the risk assessment and hydrodissection 
technique. Also, the performance of the 
hydrodissection technique was simple and the total 
ablation time was not affected. And the thyroid 
function was also not affected by the pretreatment. 

For a long time, surgery has been the traditional 
treatment of thyroid benign nodules, which can 

 
Figure 3. A patient with a nodule of Grade 3. (A) Preoperative US, (B) Sterile water was injected along the carotid sheath, (C) Sterile water was injected into the backside of the 
thyroid, (D) Sterile water was injected into the space between the trachea and the thyroid gland, (E) Ablation with the Hydrodissection technique 
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remove the tumor to a better extent. However, 
postoperative negative impact on thyroid function is 
very serious. Researchers have found that surgery has 
a high incidence of omplications, such as recurrent 
laryngeal nerve injury (incidence rate: 0.2-1.1%), 
hypoparathyroidism, hypothyroidism and permanent 
hypocalcemia (incidence rate: 1%) [12-19]. A study of 
200 patients with partially thyroidectomy showed 
that up to 71.5% of patients occurred hyphyroidsm 
[20]. At the same time, some patients are reluctant to 
undergo surgery because of the permanent scar 
remaining in the neck. With the development of 
surgical minimally invasive technology, thyroid 
laparoscopic surgery without scar was used in 
clinical. However, its negative impact on the 
surrounding tissue cannot be ignored and may result 
in greater peripheral damage [21-23]. In addition, this 
treatment method is not suitable for all nodules and 
its use also depends on the location and nature of 
thyroid nodules. For patients with normal thyroid 
function, L-thyroxine inhibitory therapy is another 
way to treat thyroid nodules, but its effectiveness 
remains controversial. Meanwhile, L-thyroxine 
inhibitory therapy may also have side effects of atrial 
fibrillation and bone density reduction [24, 25]. 

In recent years, radiofrequency ablation 
technology has been widely used in minimally 
invasive of thyroid nodules due to its multiple 
advantages, such as minimally invasive, simple 
operation, controllability of the ablation range, stable 
and reliable[3, 4, 20]. Numerous studies have shown 
that radiofrequency ablation is a safe and reliable 
treatment for benign thyroid nodules and recurrent 
thyroid cancer [3, 4, 20]. However, it still has a certain 
incidence of complications because of the complex 
adjacent structure, such as recurrent laryngeal nerve 
[5, 9]. The recurrent laryngeal nerve is easily damaged 
when the distance between the nodule edge and the 
recurrent laryngeal nerve was less than 2 mm, and the 
nodules appearing in this area are called high-risk 
nodules [26, 27]. Deandred M [28] used the 
"incomplete ablation method" to avoid recurrent 
laryngeal nerve injury and it could effectively prevent 
recurrent laryngeal nerve injury. But a small amount 
of non-ablated tumor tissue adjacent to the recurrent 
laryngeal nerve was residual by this method and 
residual tumor tissue increased the risk of recurrence 
[29]. 

 Due to the small size, and complex adjacent 
structures of the thyroid gland, the radiofrequency 
ablation power and the length of the electrode should 
be considered carefully to avoid the damage of the 
surrounding tissues. In this study, the power of 20 W 
and electrode with 0.5 cm active tip were selected for 
patients with nodule less than 1cm, while the power 

of 40 W and electrode with 1 cm active tip were 
selected for patients with nodule large than 1 cm. 
During the ablation, the active tip was inside in the 
nodule and the power was relatively low. This could 
avoid the damage to the surrounding tissues as much 
as possible. 

Hydrodissection technique is a very effective 
and safe pre-treatment method, and it was focused on 
separating the thyroid nodules from the surrounding 
important structures to make the nodules islanded. In 
order to avoid the occurrence of hemorrhage during 
hydrodissection, the selection of the gap and the 
needle entry route was especially important. The 
liquid was injected into the naturally existed gap 
between the cervical anatomical structures. The 
innovation of this research is that risk assessment 
based on zoning was established for the first time to 
clarify the risk degree of each nodule and whether it is 
necessary for nodules to use hydrodissection 
technique for pre-treatment. The results in this 
research confirmed that this novel method had better 
effect on the treatment of thyroid nodules. It 
improved the safety of nodular treatment though 
radiofrequency ablation technology and reduced the 
incidence of complications.  

However, there were still some limitaions 
existed. This was a retrospective study, the result still 
needed to be confirmed further. Additionally, the 
performance of the hydrodissection technique had 
certain technical difficuty requiring the cooperation of 
the operator and the assistant. Thirdly, due to the 
small sample of the study, the result still needed to be 
further confirmed. 

In summary, it is a very safe and effective way to 
carry out radiofrequency ablation after targeted 
preconditioning of thyroid nodules by 
hydrodissection technique according to risk 
assessment based on zoning and risk grading of 
nodules. Complete ablation can be achieved and no 
postoperative complication was occurred. In addition, 
this method is easily accepted and approved by 
patients. It will provide clinicians with greater help in 
the ablation treatment of thyroid nodules.  

Abbreviations 
RFA: Radiofrequency ablation; CA: complete 

ablation; VRR: volume reduction ratio. 
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