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Efficacy and safety of ultrasound-guided percutaneous laser 
ablation in the treatment of unifocal papillary thyroid 

microcarcinoma 

INTRODUCTION 

In recent years, with the prevalence of medical 
examination and the clinical application of                     
high-resolution ultrasound, thyroid nodule has           
become a common disease, and its incidence and  
detection rate increase every year (1). Currently, the 
detection rate of thyroid nodules has reached          
20%-76%, and 5%-13% are malignant tumors (2). 
Among them, papillary thyroid carcinoma (PTC) is 
the most common subtype of thyroid cancer. The 
common symptom of PTC is a painless mass in the 
neck, most of which move up and down with            
swallowing, and a few of which are accompanied with 
hoarseness, dysphagia and pressure (3). Papillary  
thyroid microcarcinoma (PTMC) refers to PTC with a 
diameter of ≤10 mm. The occurrence of PTMC is          
influenced by hormonal, genetic, environmental and 

other factors, such as radioactivity, goitrogenic               
substances, and iodine deficiency (4). With the         
promotion of ultrasound-guided fine needle                    
aspiration biopsy (US-FNAB), the detection rate of 
PTMC has increased significantly (5). 

Surgical resection is a classic and dominant            
treatment method for PTMC. However, in recent 
years, many scholars indicate that total lobectomy is 
unnecessary for PTMC with the drawback of need for 
lifelong medication (6, 7). Surgical procedures for 
PTMC require general anesthesia and leave a                  
postoperative scar of about 4-6 cm in the neck, which 
discourages some patients who cannot tolerate            
surgery and have aesthetic requirements. In fact, 
PTMC with a “mild” biological behavior and slow 
growth, is usually associated with a good prognosis 
and low mortality, and the diagnosis and treatment 
strategy and method selection have become a hot 
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ABSTRACT 

Background: Ultrasound-guided percutaneous laser ablation (US-PLA), as a minimally 
invasive ablation method, has been widely used in the treatment of benign and 
malignant tumors. The objective of the current study was to determine the efficacy 
and safety of US-PLA for unifocal papillary thyroid microcarcinoma (PTMC). Materials 
and Methods: Totally 18 PTMC patients underwent US-PLA at our hospital were 
selected. Tumor location, tumor volume and thyroid function of patients were 
examined before percutaneous laser ablation (PLA). Contrast-enhanced ultrasound 
(CEUS) was performed immediately after PLA treatment. Complications, thyroid 
function, ablation area size and volume, tumor recurrence rate and metastasis rate 
were recorded. Results: Eighteen nodules were completely ablated in 18 patients, and 
postoperative CEUS showed no contrast fill in the ablated areas. Fifteen patients 
underwent single needle and single PLA ablation, and 3 cases underwent a second 
ablation due to incomplete ablation as confirmed by CEUS. All patients tolerated and 
completed ablation with no serious complications. The maximum diameter and 
volume of the ablation zones at 6, 12, 18, and 24 months after PLA were significantly 
smaller than the preoperative nodules (P<0.05). The number of tumors that 
completely disappeared at 6, 12, 18, and 24 months was 1 (5.7%), 6 (38.9%), 4 
(61.1%), and 2 (72.2%), respectively. No local tumor recurrence, lymph node 
metastasis and distant metastasis occurred. Conclusion: US-PLA is a safe and effective 
technique for unifocal PTMC treatment, which may provide a new therapeutic option 
for PTMC patients who are not eligible or unwilling to receive surgery. 
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topic at home and abroad (6, 8). 
Ito et al. (9) have followed up 340 patients with 

confirmed PTMC and found that 84.1% of them               
without increase in tumor size during 5 to 10 years of 
follow-up, and the effect on survival is not                   
statistically significant. Also, none of the 1235             
low-risk PTMC patients without immediate surgery 
develop distant metastases or die from PTMC during 
the observation period of 1.5 to 19 years. Thus, they 
conclude that follow-up observation rather than             
immediate surgery is also a good choice for these low
-risk PTMC patients. However, patients with                 
suspicious nodules often feel anxious after biopsy 
confirmation of PTMC, which seriously affects their 
quality of life. Therefore, some patients with PTMC 
prefer to undergo minimally invasive ablation firstly 
to actively manage the tumor lesions and then receive 
regular follow-up observation. In a meta-analysis of 
12 studies (1284 nodules in a total of 1187 PTMC 
patients treated with thermal ablation) by Tong et al. 
(10), all three ablation modalities (radiofrequency, 
microwave, and laser ablation) significantly reduced 
tumor volume in PTMC. In this study, no distant             
metastases occur during the follow-up period (mean 
7.8 months), and few major complications are                  
encountered in terms of safety. A systematic                  
evaluation of 503 low-risk PTMC nodes in 470               
patients treated by thermal ablation is performed by 
Cho et al. (11), which indicates that no patient                 
develops local tumor recurrence or distant                      
metastases, even though two patients (0.4%) develop 
lymph node metastases, one patient (0.2%) develops 
a new PTMC, which can all be successfully treated by 
another ablation; five patients (1.1%) undergo               
delayed surgery after ablation, including two patients 
with lymph node metastasis and three patients with 
unknown etiology, and even if surgery is performed 
after ablation, it does not cause any impact on the 
procedure itself or survival. Therefore, more and 
more scholars believe that thermal ablation for PTMC 
has the advantages of precise operation, small                
trauma, high safety, rapid recovery and high efficacy, 
and it has developed into one of the most promising 
minimally invasive treatment methods (12). 

Ultrasound-guided percutaneous laser ablation 
(US-PLA) is a minimally invasive interventional  
method that has been successfully applied in the 
treatment of benign thyroid nodules with                       
considerable clinical efficacy in recent years (13, 14). 
Similar to radiofrequency ablation (RFA),                     
percutaneous laser ablation (PLA) causes irreversible 
coagulative necrosis by generating high temperature 
to the local tissue. Compared with RFA and                   
microwave ablation (MWA), PLA has unique                    
advantages in the treatment of cervical diseases           
adjacent to vital organs due to its small laser fiber 
needle and precise and controllable output energy (15, 

16). It has been applied as an alternative surgical  
treatment to some PTMC patients, and the results 

578 

reveal that PLA can effectively kill PTMC without  
recurrence (17). Moreover, PLA treatment has the             
advantages of thin and flexible laser fiber bundles, 
accurate, objective and controllable energy output, 
making it possible to accurately and safely perform 
thyroid nodule ablation (13). As reported previously, 
US-PLA is a safe and effective alternative clinical 
treatment for low-risk PTMC (18, 19). Other studies also 
support the application of PLA in the treatment of 
PTMC cervical lymphatic metastases (20). However, 
overall, studies of US-PLA for PTMC are still in the 
initial stage. 

The purpose of this study was to investigate the 
safety and efficacy of US-PLA in the treatment of 
PTMC, and to provide a clinical basis for early                 
intervention in PTMC patients. The accuracy of                 
US-PLA for thyroid nodule ablation in PTMC patients 
and its effects on PTMC patient prognosis are the 
novelties of this study.  

 

 

MATERIALS AND METHODS 
 

Patients 
This was a retrospective study. From January 

2017 to June 2020, 18 patients with single PTMC  
lesions treated by US-PLA were included. The            
demographic and clinical characteristics information 
of patient was summarized in table 1. There were 6 
men and 12 women, aged between 23 and 58 years 
old (mean age 40.0 ± 9.5). The present study was  
approved by the Ethics Committee of the Affiliated 
Suzhou Science & Technology Town Hospital of               
Nanjing Medical University. A written informed               
consent document was obtained from all patients 
before the procedure. Inclusion criteria were as              
follows: (1) PTMC confirmed by fine-needle                   
aspiration biopsy (FNAB). (2) A single tumor with a 
maximum diameter of less than or equal to 10 mm. 
(3) A tumor without contact or invasion of the                
thyroid capsule. (4) Normal cardiopulmonary                 
function. (5) Normal blood tests, such as routine 
blood and coagulation function. (6) No cervical or 
distant lymph node metastasis. (7) Patients who 
could not tolerate or refuse surgical treatment.  

Exclusion criteria were as follows: (1) Patients 
with multiple nodules, or nodules larger than 10 mm 
in diameter. (2) Patients with lymph node metastasis 
or distant metastasis. (3) Patients with tumors that 
invaded the thyroid capsule or important organs. (4) 
Patients with severe cardiopulmonary dysfunction. 
(5) Patients treated with thyroid surgery or                 
radioiodine treatment. (6) Abnormal contralateral 
vocal cord function. (7) Patients without complete 
follow-up information. 

 

Pre-PLA observation 
The tumor locations, diameters, volumes and         

ultrasonographic characteristics were evaluated by 
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ultrasonography (TOSHIBA Apli0500 Ultrasound  
Instrument; High Frequency Linear Array Probe,             
frequency of 10 MHz; Toshiba, Tokyo, Japan). Blood 
tests included serum thyroid stimulating hormone 
(TSH), free triiodothyronine (FT3), free                         
tetraiodothyronine (FT4), thyroglobulin (TG), anti-TG 

antibody, and routine blood and coagulation function. 
The tumor volume was calculated as follows: 
V = π ·a ·b ·c/6 (where V is the volume, a is the             
maximum diameter, and b and c are the other                
maximum vertical diameters). 

 

Gu et al. / Efficacy of US-PLA for PTMC therapy  579 

Patient 
No. 

Sex/Age 
(years) 

Lobar 
location 

Size before PLA 
(mm) 

Serum thyroglobulin be-
fore PLA (ng/ml) 

PLA ablation 
time (s) 

No. of ablation 
procedures 

Follow- up 
(months) 

1 F/44 L 6.4×2.9×3.5 0.13 159 1 25.5 
2 M/39 L 7.8×6.5×4.9 0.17 327 1 25.1 
3 M/37 R 9.1×3.3×6.4 0.09 199 1 28.6 
4 F/30 L 4.8×3.7×3.8 0.25 245 2 25.4 
5 F/53 L 8.7×5.0×4.8 0.16 488 1 28.3 
6 F/31 L 5.2×2.8×3.3 0.11 211 1 27.9 
7 F/23 R 4.5×3.1×2.8 0.21 349 1 26.5 
8 F/40 L 8.4×6.8×6.5 0.13 187 1 24.2 
9 F/49 R 6.4×5.6×5.4 0.09 236 1 29.4 

10 M/57 R 8.9×5.8×4.9 0.13 190 2 24.5 
11 F/37 R 9.4×7.3×5.6 0.14 393 1 31.1 
12 M/40 L 9.3×7.1×4.6 0.08 385 1 26.2 
13 F/45 R 7.6×3.5×6.8 0.10 416 1 27.1 
14 M/32 L 8.5×4.1×2.8 0.19 522 2 29.6 
15 F/33 R 9.1×4.4×7.2 0.22 183 1 29.8 
16 F/37 L 6.0×4.5×4.0 0.17 166 1 25.4 
17 F/35 R 9.4×7.0×6.1 0.12 235 1 26.7 
18 M/58 L 4.5×3.9×2.7 0.14 208 1 27.9 

Table 1. Statistics on the clinical characteristics of PTMC patients treated with PLA. 

PLA, percutaneous laser ablation; F, female; M, male; L, left; R, right; PTMC, papillary thyroid microcarcinoma. 

PLA method 
The patient was in a supine position, and the neck 

was fully exposed. Ultrasound-guided local            an-
esthesia with 2% lidocaine was used after routine 
disinfection and towel laying. A 21 G guided needle 
was then fixed in the center of the nodule. Then, a 
needle core was inserted with optical fibers, and the 
guided needle was retreated 5 mm to the tip of the 
optical fibers to contact the nodule directly. The laser 
ablation system was switched on for continuous          
ablation. Laser ablation power was 4 W-6 W, and a 
single-point and constant ablation was performed 
until the high echo in the ablation area completely 
covered the proposed range. The ablation focus was 
at least 0.1 cm above the edge of the nodule (figure 
1B/2B). If the patient did not feel any obvious             
discomfort, the power would be slowly increased. A 
volume of 20 ml of hydro dissection solution could be 
used to avoid thermal damage if tumors were close to 
the recurrent laryngeal nerve (RLN), common carotid 
artery or jugular vein. If patients felt obvious pain or 
discomfort during ablation, power would be reduced 
or the ablation would be suspended. The ablation 
should be ceased when nodules were completely  
covered by strong echoes. Contrast-enhanced            
ultrasonography (CEUS) was performed 5 minutes 
after ablation (figure 1C/2C). If there was still nodule 
enhancement in the ablation area, further ablation 
was feasible. Throughout the procedure, we                   
intermittently asked about the feeling of patients to 
assess pain levels and vocal status. After the               
procedure, the puncture area was covered with ice 

and compressed for 30 minutes and patients were 
observed in the hospital for 24 hours. 

Post-PLA observation and follow-up 
Complications and tumor volumes were                 

recorded. Patients were followed at 1, 3, 6, 12, 18, 

Figure 1. Preoperative ultrasound images of a patient with 
PTMC on the left side of the neck. A: Preoperative ultrasound 
showed a hypoechoic nodule with a size of 5.2×2.8×3.3 mm, 
ultrasound-guided biopsy confirmed the tumor as PTMC. B: 
Intraoperative ultrasound showed the typical hyperechoic 
region (red arrow) during ablation. C: Postoperative CEUS 

shows that the ablation area is larger than the preoperative 
nodule and there is no contrast filling in the ablation area, 

suggesting complete ablation. D: Six months later, ultrasound 
showed a scar like tissue with a size of 4.2×1.2×1.7 mm. PTMC, 

papillary thyroid microcarcinoma; CEUS, contrast-enhanced 
ultrasound. 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
21

.3
.5

77
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
6-

07
 ]

 

                               3 / 8

http://dx.doi.org/10.61186/ijrr.21.3.577
http://ijrr.com/article-1-4927-en.html


and 24 months and every six months thereafter           
following PLA. Laboratory tests and ultrasonography 
were performed at each follow-up visit. The lesion 
size, blood supply and necrosis were observed via 
ultrasound or CEUS. If suspected metastatic lymph 
nodes and suspected thyroid parenchymal lesions 
were found, US-FNAB examination was performed. 
Laboratory tests including serum TSH, FT3, FT4, TG 
and anti-TG antibody were detected by                              
electrochemiluminescence immunoassay (ECLIA) on 
a Roche Cobas 6000 e 601 analyzer (Roche                    
Diagnostics, Germany). The volume reduction ratio 
(VRR) was calculated using the following equation: 
VRR = ([initial volume - final volume]/initial volume) 
× 100% (21). 

 

Statistical analysis 
Analysis was carried out using SPSS 19.0 (IBM 

Corporation, Chicago, IL, USA) and quantitative             

variables were reported as the mean ± standard            

deviation (SD). A matched t-test was performed on 
the volume and maximum diameter at different            
follow-up time points. P values <0.05 were                 
considered to indicate statistical significance. 

 
 

RESULTS 
 

General characteristics of PTMC patients 
From January 2017 to June 2020, 18 patients with 

single PTMC lesions treated by US-PLA in our             
department were enrolled in this study. These             
patients included 13 women and 5 men with a mean 
age of 40.0 ± 9.5 years (range, 23-58 years). Of the 18 
lesions, 10 were located on the left side and 8 on the 
right side. The mean maximum lesion diameter was 
7.4 ± 1.8 mm (range, 4.5-9.4 mm), and the mean              
lesion volume was 101.8 ± 64.1 mm3 (range,                    
20.5-210.2 mm3). No thyroid hormone abnormalities 
were detected in all patients preoperatively, and the 
active time during PLA was 283.3±115.4 s (range, 
159-522 s). In addition, 15 of the 18 patients           
underwent single needle and single PLA ablation, and 
3 cases underwent a second ablation due to                
incomplete ablation as confirmed by CEUS (table 1). 

 

Complications and prognosis 
During the PLA procedure, all patients (100%) 

felt self-limited neck swelling to some extent. 15              
patients (83.3%) experienced varying degrees of 
neck pain and burning during the procedure, and 14 
patients were able to tolerate the entire procedure. 
Once the ablation procedure was completed, the pain 
decreased or disappeared, with only 1 patient              
receiving a 5.0 mg intramuscular dezocine injection. 
One patient (5.56%) developed cough and fever on 
day 7 after PLA, which was relieved after                     
symptomatic treatment. There were no cases of neck 
hematoma, surgical area infection trachea, esophagus 

and other important organ injury during surgery. 
However, a 33-year-old woman was found with          
hypothyroidism 1 month after PLA surgery, and her 
thyroid hormone levels recovered the next month 
without the administration of medication. A 55-year-
old woman developed hoarseness after surgery, and 
returned to normal 2 months after the ablation               
procedure without any specific treatment. None of 
these complications were life-threatening or led to 
some sequelae. No cervical lymph node metastasis or 
distant metastasis cases were found during the              
ensuing follow-up (table 2). 

Measurement of Pre, intra and post-PLA 
Preoperative ultrasound revealed a hypoechoic 

nodule (figure 1A/2A). The entire PLA procedure was 
performed under real-time ultrasound monitoring, 
and intraoperative ultrasound showed that irregular 
and hyperechoic gasification areas began to appear 
around the mass with the release of ablation energy 
(figure 1B/2B). The pre-ablation image was used to 
compare whether the ablated area covered and              
surpassed the original lesion. A CEUS examination 
was performed immediately after PLA, and the              
outcomes showed no contrast perfusion in the                
ablated area, suggesting that the ablation was             
complete (figure 1C/2C). Six months later, ultrasound 
showed a hyperechoic nodule in the ablation area 
(figure 1D/2D). The follow-up time ranged from 24.2 
months to 31.1 months, with an average follow-up 
time of 27.2±2.0 months. During the follow-up period, 
ultrasound dynamic examination confirmed the             
disappearance of blood perfusion in the ablation area. 

 

Efficacy of PLA for reducing PTMC nodule volume 
The maximum diameter, volume, and volume          

reduction ratio (VRR) of the tumors before and after 
PLA were shown in table 3 and figure 3A/3B/3C. The 
mean volume of the 18 nodules before PLA was 101.8 
± 64.1 mm3, and the maximum diameter and volume 
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Complications No. (%) Actions Taken 
Neck swelling 100%(18/18) None, self-limiting 

Pain 83.3%(15/18) 

14 patients were well               
tolerated and 1 patient           

received 5 mg of dezocine 
injection 

Cough and fever 5.6%(1/18) 
Effective symptomatic 

treatment 
Hoarseness 5.6%(1/18) None, self-limiting 

Neck hematoma 0%(0/18) - 
Local infection 0%(0/18) - 

Vital organ injury 0%(0/18) - 
Serum hormone 

abnormalities 
5.6%(1/18) None, self-limiting 

local recurrence 0%(0/18) - 
Cervical lymph 
nodemetastasis 

0%(0/18) - 

Distant metastasis 0%(0/18) - 

Table 2. Complications and prognosis of PTMC patients              
treated with PLA. 

PTMC, papillary thyroid microcarcinoma. 
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of the ablated areas at 1 hour, 1 month, and 3 months 
after PLA were significantly larger than those of the 
preoperative nodules because the enlarged ablation 
of all tumor lesions was performed (P<0.05).                
However, the maximum diameter and volume of the 
ablated area were decreased gradually at 6, 12, 18, 
and 24 months after PLA, all of which were                   
significantly smaller than the preoperative nodules 
(P<0.05). The VRR was -738%, -256%, -92%, 26%, 
80%, 94%, and 96% at 1 hour, 1 month, 3 months, 6 
months, 12 months, 18 months, and 24 months after 
PLA, respectively. At the 6th month after PLA, the 
VRR started to change from negative to positive             
values, which may be caused by the charred necrotic 
tissue gradually absorbed by the body. 

At the final follow-up, 13 cases (72.2%) showed 
complete disappearance of the ablated lesions on 
ultrasound and 5 cases (27.8%) retained scar-like 
changes. The number of tumors that completely              
disappeared at 6, 12, 18, and 24 months was 1 
(5.7%), 6 (38.9%), 4 (61.1%), and 2 (72.2%),                
respectively. No local tumor recurrence, lymph node 
metastasis or distant metastasis occurred. None of 
the patients died of PTMC during the follow-up              
period. 

 
 

DISCUSSION 
 

In recent decades, despite the increasing                   
incidence of PTMC, surgical excision remains the 
mainstay of treatment worldwide (22). However,           
traditional surgical resection may cause detachment 
of the thyroid gland, with the risks of varying degrees 
of hypothyroidism (23). Surgical resection for PTMC 
may be conducted with excessive resection and            
increase sense of insecurity in patients, which has 
been controversial for many years (24, 25). Some               
scholars believe that total thyroidectomy for PTMC is 
unnecessary and expanding thyroidectomy does not 
improve surgical outcomes (26). However, some also 
argue that lymph node metastasis does not affect the 
survival rates of PTMC patients, and preventive 
lymph node dissection is unnecessary for PTMC              
patients without suspected lymph node metastasis (27

-29). Therefore, in the current clinical environment, an 
effective minimally invasive treatment of PTMC is 
urgently needed. 

PLA is first used in the treatment of hepatic,              
uterine and adrenal diseases (30-32). Pacella et al. (33) 
have preliminarily verified the efficacy of PLA to treat 
benign thyroid nodules. US-PLA treatment, a                
promising minimally invasive treatment for thyroid 
nodules, has shown multiple advantages in clinical 
practice, including simple operation, minimal              
invasiveness, stable coagulation range, safety and 
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Figure 2. Preoperative ultrasound images of a patient with 
PTMC on the right side of the neck. A: Preoperative ultrasound 

showed a hypoechoic nodule with a size of 4.5×3.1×2.8 mm, 
ultrasound-guided biopsy confirmed the tumor as PTMC. B: 

Intraoperative ultrasound showed a vaporized area (red          
arrow) during ablation. C: CEUS showed a vaporized cavity in 

the ablation area after operation. D: Six months later,                
ultrasound showed a scar like tissue with a size of 2.1×0.8×1.1 

mm. PTMC, papillary thyroid microcarcinoma; CEUS,                
contrast-enhanced ultrasound. 

Time 
Maximum 
diameter 

(mm) 

P-
value 

Volume 
(mm3) 

P-
value VRR (%) 

Pre-PLA 
(n=18) 7.4±1.8 - 101.8±64.1 - - 

Post-PLA           
1 hour 
(n=18) 18.1±3.9 <0.001 1039.5±799.8 <0.001 -737.5±608.6 

1 month 
(n=18) 13.9±4.2 <0.001 754.8±499.7 <0.001 -256.4±126.7 

3 months 
(n=18) 9.4±3.1 <0.001 396.5±221.8 <0.001 -92.4±70.9 

6 months 
(n=17) 5.2±2.5 <0.001 64.3±76.4 <0.01 25.8±20.3 

12 months 
(n=11) 2.1±1.2 <0.001 9.7 ± 7.4 <0.001 80.1±16.4 

18 months 
(n=7) 1.4±0.9 <0.001 6.5 ± 3.1 <0.001 93.5±15.7 

24 months 
(n=5) 1.0±0.5 <0.001 3.2 ± 1.5 <0.001 96.1±11.4 

Table 3. Maximum diameter and volume of PTMC nodules in 
patients before and after PLA treatment. 

PTMC, papillary thyroid microcarcinoma; PLA, percutaneous laser 
ablation. 

Figure 3. The effects of US-PLA on PTMC nodule reduction in 
the follow-up periods. Changes in the maximum diameter (A), 

volume (B), and volume reduction ratio (C) of the tumors at 
each follow-up. US-PLA, ultrasound-guided percutaneous laser 
ablation; PTMC, papillary thyroid microcarcinoma; M, month. 
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quick recovery (34). Dossing et al. (35-37) have                      
performed PLA 3 times for 16, 30, and 78 patients 
with benign cold thyroid nodules and he finds that 
the nodular volume reduction ratios 6 months after 
PLA are 46%, 44%, and 51%, respectively, suggesting 
that PLA can effectively reduce tumors. In 2010, PLA 
was recommended as an effective and safe method 
for thyroid nodules according to the American              
Society of Clinical Endocrinologists, the Italian               
Society of Clinical Endocrinology and the European 
Thyroid Association (38). Therefore, the proper           
application of PLA in the treatment of thyroid              
diseases meets the needs of modern medicine           
development. 

In our study, the VRR was -738%, -256%, -92%, 
26%, 80%, 94%, and 96% at 1 hour, 1 month, 3 
months, 6 months, 12 months, 18 months, and 24 
months after PLA, respectively. We performed           
enlarged ablation to ensure complete ablation of the 
lesion, so that the volume of the ablated area was 
significantly larger than the primary lesion at 1 hour, 
1 month, and 3 months after PLA. At each follow-up 
time point after PLA, color doppler ultrasound               
confirmed the absence of blood flow signal in the  
ablated area and CEUS confirmed the absence of  
nodular enhancement signal in the ablated area,            
indicating that PLA treatment was effective for PTMC. 
With the absorption of charred necrotic tissue, the 
area of the ablation zone gradually decreased, and 
the VRR reached 96% in the second year after PLA. In 
the study by Ji et al. (39), 37 patients with solitary 
PTMC treated by PLA had a mean volume increasing 
multiplier of 96% in the second year after PLA, which 
is consistent with our findings. At the final follow-up, 
13 cases (72.2%) showed complete disappearance of 
the ablated lesion on ultrasound and 5 cases (27.8) 
retained scar-like changes, further confirming the 
effective ablation of the lesion by PLA. In a                       
meta-analysis of 1187 patients with PTMC (10),               
complete disappearance of tumors after ablation is 
34%-91%, which may be related to the size and  
characteristics of the tumors in different studies and 
the follow-up period. 

In the study by Peng et al. (18), a recurrence rate of 
2.9% (3/105) is observed in 105 patients with               
PLA-treated unifocal PTMC lesions at a minimum             
5-year follow-up. Two patients have metastatic            
central cervical lymph nodes identified 24 months 
after PLA and both subsequently undergo open             
surgical resection. A new PTMC lesion is found 12 
months after PLA in 1 patient, and the patient             
undergoes a second laser ablation. No recurrence or 
lymph node metastasis occurs during the subsequent 
3-year follow-up. No significant recurrent lesions or 
lymph node metastases are observed in any of the 
other 102 patients. In many other studies, the local 
recurrence rate after ablation is also no higher than 
0.5% (10, 40, 41). Ji et al. (39) have found that only 2.7% of 
patients develop cervical lymph node metastases 

during the follow-up after PLA treatment. In our 
study, no patients with local recurrence, lymph node 
metastasis or distant metastasis were identified            
during the two-year postoperative follow-up period, 
similar to the results of Zhou et al. (42). Complete and 
enlarged ablation of the tumor may be beneficial to 
reducing the local recurrence and metastasis rates of 
the tumor. 

The thyroid gland is adjacent to important                 
structures such as RLN, carotid artery, parathyroid 
glands, esophagus and trachea, making surgical  
treatment of thyroid disease risky. PLA have its 
unique advantages in the treatment of small thyroid 
lesions close to important structures in the neck. In 
the study by Valcavi et al. (43), 122 patients with             
benign thyroid nodules are treated with PLA. 1.6% of 
patients develop delayed laryngeal dysfunction after 
6-10 weeks and 3.2% develop abnormal thyroid 
function. In our study, none of the 18 patients              
developed serious complications such as RLN,            
tracheal or esophageal injury after PLA. One patient 
developed cough and fever on day 7 after PLA, which 
was unrelated to PLA treatment and was resolved 
with symptomatic treatment. One patient developed 
hoarseness, which returned to normal on its own 2 
months after PLA, probably due to laryngeal nerve 
compression caused by perinodular edema. One            
patient had hypothyroidism, probably due to                
excessive ablation, which did not require any clinical 
treatment and resolved spontaneously after 3 
months. In addition, all patients (100%) felt                  
self-limited neck swelling to some extent, which may 
be related to post-ablation parenchymal edema of the 
thyroid gland. 

Hypothyroidism is a common complication after 
surgical resection treatment. In the study by Ding et 
al. (44), the incidence of hypothyroidism after surgical 
resection for PTMC is as high as 75%, because the 
surgery also removes a large amount of normal              
thyroid tissue. By contrast, PLA is a minimally                 
invasive treatment that destroys the tumor while 
preserving the integrity of the thyroid gland as much 
as possible, thus significantly reducing the incidence 
of hypothyroidism after PLA (19). TSH is a very               
sensitive and specific indicator of thyroid function 
(45). FT3 and FT4 are a true reflection of thyroid               
metabolism, with the advantages of being not               
affected by the changes of binding protein                    
concentration and binding properties, and they are 
the most sensitive and valuable indicator to reflect 
thyroid function (46). The detection of TG can                
distinguish complete thyroid defect and thyroid            
hypoplasia (47). Anti-TG is also considered as a special 
marker of thyroid body shape integrity. It is a tumor 
marker for differentiated thyroid cancer, and can be 
used as an important reference index for follow-up of 
patients with differentiated thyroid cancer after 
treatment (48). Abnormal levels of serum TSH, FT3, 
FT4, TG and anti-TG are makers of hypothyroidism 
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(49). Here, through detecting the levels of these               
markers, no thyroid hormone abnormalities were 
detected in all patients preoperatively, which was 
consistent with the above studies. 

During the process of PLA treatment, attention 
should be paid to the following aspects: (1)                   
Hydrodissection solution should be used when the 
distance between nodules and vital organs is less 
than 5 mm. (2) The temperatures of the thyroid and 
vital organs must be monitored: once the                      
temperature is too high, energy output must be            
reduced. (3) If the nodule adheres to the trachea or 
blood vessels, the nodule can be ablated partially. (4) 
If one side of RLN is injured, the other side of RLN 
should be avoided during ablation to avoid asphyxia. 
Although PLA exhibits considerable clinical efficacy 
in treating PTMC in the present study, it still must be 
further improved. (1) More patients and long-term 
follow-up need to be investigated in the ensuing  
studies. (2) New imaging techniques, such as               
computerized three-dimensional stereotaxic               
technology, could be used to reduce the damage             
surrounding vital tissues during the PLA process. (3) 
There are few comparative studies between thermal 
ablation and surgical resection, which need to be      
further investigated. 

 
 

CONCLUSIONS 
 

In this retrospective study, US-PLA was found to 
effectively reduce PTMC nodules with favorable        
prognosis and no severe complications in PTMC              
patients, suggesting that US-PLA is a precise and safe 
method with good treatment results, minimal trauma 
and no surgical scars, and can be applied as an             
alternative for unifocal PTMC therapy. 
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