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Background: Ultrasound-guided radiofrequency ablation (RFA) of thyroid nodules (TNs) is a minimally invasive procedure that has been widely used to induce volume reduction in symptomatic solid benign TNs. The goal of this study was to investigate a novel therapeutic approach for single-session ablation of large thyroid nodules (LTNs, vol > 20 ml).

Methods: We performed a pilot cohort study of 21 patients with symptomatic solid benign LTNs (vol > 20 ml), who accepted ultrasound-guided RFA treatment between September 2018 and November 2019. RFA was performed using an 18-gauge internally cooled electrode with ultrasonographic guidance in a single session combined with intraoperative hydrodissection and immediate contrast-enhanced ultrasound (CEUS) to optimize safety and efficacy. Nodule volume was evaluated before ablation and at 1, 3, and 6 months after initial ablation, and all patients were asked to assess the cosmetic score (from 1 to 4) and symptom score (from 0 to 10) before ablation and at every follow-up after ablation.

Results: At the 6 month follow-up, there was significant nodule volume reduction, from 27.49 ml ± 7.9 (standard deviation) to 3.82 ml ± 5.02 (p = 0.001). Cosmetic signs (p = 0.001) and pressure symptoms (p = 0.001) were significantly improved. All patients underwent RFA without any major complications, and very few patients developed a change in voice (2/21). However, the changes subsided within 1 month. Almost half of the patients received an additional RFA (11/21) treatment to achieve complete ablation on the intraoperative immediate CEUS evaluation.

Conclusion: RFA is effective for treating LTNs (vol > 20 ml) and controlling clinical symptoms with a low complication rate. Patients were satisfied with cosmetic sign and pressure symptom improvement. The intraoperative hydrodissection and immediate CEUS represent a novel therapeutic approach for single-session ablation of LTNs.

Keywords: ultrasound-guided ablation, radiofrequency ablation, hydrodissection, benign thyroid nodule, CEUS (contrast-enhanced ultrasound)


INTRODUCTION

Recently, thyroid nodules (TNs) have become a more common clinical problem, with a high incidence resulting from increased use of thyroid ultrasonography (US) (1). Epidemiologic studies have shown that palpable prevalence of TNs is very high in the iodine-sufficient parts of the world, especially for women and the elderly (2, 3). Most TNs are benign, but the vast majority of palpable TNs require treatment for the compressive symptoms and for cosmetic reasons (4, 5).

Thyroid surgery is the main treatment for symptomatic TNs, but it has several drawbacks (6). Radiofrequency ablation (RFA) is a non-surgical, minimally invasive procedure that was introduced for TN treatment in 2006 and has been proven to be an effective and safe procedure for treating benign TNs by many recent studies (7, 8). Consequently, RFA has also been recommended by several mainstream guidelines, such as those of the American Association of Clinical Endocrinologists, the American College of Endocrinology, Associazione Medici Endocrinologi (AACE/ACE/AME), and the Korean Society of Thyroid Radiology (KSTR) (9, 10).

As TNs are a benign disease, the major goals of treatment are to effectively reduce TN volume, as well as to relieve the compressive symptoms, cosmetic problems, and related anxiety. According to the current literature, RFA for benign TNs can reach this goal effectively, with a volume reduction rate (VRR) from 33 to 58% after 1 month and 51 to 85% after 6 months, indicating its ability to resolve most nodule-related clinical symptoms (8, 11–14).

BTNs with a large initial volume (vol > 20 ml) rarely achieve complete ablation during only one RFA treatment session. The large nodule occupies vast space, and if situated close to vital structures, ablation difficulty is increased, even for skillful doctors. US-guided ablation for large nodules is most likely to leave some unablated residual, which can result in failure to resolve clinical symptoms (15). Then, additional ablation sessions must be performed, resulting in increased medical costs and pain to subjects. A prospective randomized controlled study has proven that single-session RFA could achieve a satisfactory clinical response in most patients, but not for those patients with a large nodule (vol > 20 ml) (16). A 4-year follow-up study showed that the complete ablation of BTNs is important for preventing regrowth after RFA (17). All recurrent nodules come from the untreated residual left by the previous RFA (18).

Therefore, a new strategy of single-session treatment for large benign TNs is needed to ensure maximal ablation without impacting safety. Two key technologies of this strategy include hydrodissection and intra-procedural contrast-enhanced ultrasound (CEUS), which not only can protect critical structures from conducted heating but also can identify the unablated portion in the same treatment session. Therefore, we combined standard RFA procedure with this strategy to treat large TNs and summarized its clinical outcomes and safety. This study aimed to provide a feasible and effective strategy to resolve the shortcomings of single-session RFA for large TNs.



METHODS


Patients

All patients were selected with the following inclusion criteria: (a) volume of the TN > 20 ml; (b) confirmation of benignancy (Bethesda Class II) with fine-needle aspiration (FNA) cytology; (c) reports of pressure symptoms or cosmetic problems; (d) anxiety about malignancy; (e) serum levels of thyroid hormone thyrotropin, platelets, blood counts, and blood coagulation tests within normal limits; and (f) patient underwent one single-session RFA treatment.

The exclusion criteria were as follows: (a) substernal nodules or nodules that were difficult to monitor during the RFA procedure; (b) nodules showing malignant features (i.e., taller than wide, speculated margin, marked hypoechoic, or microcalcifications) during US; (c) the patient underwent other treatments for the TN within 6 months before the procedure; and (d) pregnancy.

There were 21 patients with 21 nodules meeting the inclusion criteria from September 2018 to November 2019. This study population consisted of 18 females and 3 males, aged 27–68-years (mean age, 46.1-years).



Pre-treatment Assessment

Before the procedure, conventional US, US-guided FNA, CEUS, and the laboratory and clinical results were evaluated. Two radiologists (T.W. and J.R. with thyroid US experience of 10 and 18-years, respectively) performed US, US-guided FNA, and CEUS using a Logiq E9 US machine (GE Medical Systems, Milwaukee, WI, USA) equipped with a ML6-15 liner transducer with a center frequency of 7 MHz (frequency range: 2–8 MHz). The US examination included characterization of the position, size, volume, solid/cystic proportions, echogenicity, localization, internal vascularity, and peripheral flow of each nodule. The nodule volume was calculated using the equation: V = π × (a × b × c/6) (V: volume; a, b, c: three diameters of the nodule).

The machine was equipped with CEUS imaging technology. The installed contrast-specific imaging (CSI) mode was coded phase inversion (CPI) at a low mechanical index (<0.2). The contrast agent used in this study was SonoVue (Bracco, Milan, Italy), which contains sulfur hexa?uoride microbubbles. The agent was injected as an intravenous bolus of 2.4 ml into the antecubital vein, followed by a 5-ml 0.9% saline solution flush. The TNs were observed continuously for 2 min to examine the enhanced status and coagulation zone of the nodule with the hybrid contrast visualization mode.

Laboratory tests included the levels of thyroid-stimulating hormone (TSH), thyrotrophin, free triiodothyronine (FT3), and free thyroxin (FT4); a complete blood count; and a coagulation test (prothrombin time, activated partial thromboplastin time). Additionally, all patients underwent vocal cord function assessment performed by an experienced laryngologist before the ablation procedure.

We categorized symptom and cosmetic scores as defined in a previous consensus statement (10). All patients were asked to grade their neck compression discomfort on a scale ranging from 0 to 10 as a symptom score. A cosmetic score was obtained using the following scale: (1) no palpable mass; (2) a palpable mass with no cosmetic problem; (3) a cosmetic problem on swallowing only; (4) readily visible TN.



Ablation Procedure

All RFA procedures were performed by one radiologist (J.R.) with 3-years of experience in an RFA outpatient clinic. We used an RF generator (Viva RF System®, Starmed, Gyeonggi-si, South Korea) and an internally cooled 18-gauge, 70-mm length, 7- or 10-mm active tip electrode (Star RF Electrode®, Starmed, Gyeonggi-si, South Korea). Local anesthesia with 2% lidocaine was applied to the puncture site. Under US guidance, hydrodissection technique was applied: 5% glucose and norepinephrine were mixed and injected into the surrounding thyroid capsule, which provide a safe distance (>3 mm) between needle tip and adjacent critical structures (Figure 1).


[image: Figure 1]
FIGURE 1. Hydrodissection technique: this technique consists of a pressurized injection of 5% glucose between the danger triangle and the thyroid to reduce possible nerve injury caused by RFA hyperthermia.


During the procedure, we paid special attention to the preservation of surrounding important structures to prevent significant complications. Therefore, two essential techniques, trans-isthmic or lateral cervical approach and moving-shot technique, were applied. The RFA was performed in transverse US view. Ablation was suspended when the index nodule was covered by hyperechoic zones. After that, initial treatment efficacy was evaluated by CEUS 5–10 min after RFA, until the hyperechoic zones disappeared.

When the nodule showed persistence of enhancement after treatment and viable residual tissue on CEUS, CEUS-guided additional ablation was carried out to ablate the enhanced areas, aiming to destroy as much viable residual tissue as possible, while at the same time, treatment safety was the foremost consideration. CEUS was performed again to assess unablated residual tissue after additional RFA (Figure 2).


[image: Figure 2]
FIGURE 2. Intraoperative CEUS evaluation: A 38-year-old female had a predominantly solid nodule in the left lobe of the thyroid. The nodule was close to the trachea, carotid artery, and danger triangle area. (A) US examination showed that the baseline volume of the nodule was 26.48 ml, and the largest nodule diameter was 4.3 cm. (B) CDU showed nodule vascularity was defined as type 1. (C) CEUS after initial RFA: the nodule showed non-enhancement during the phase.


During treatment, patients' vital signs were continuously monitored (19). The procedure was ended when the nodule presented prevalent devascularization with an unenhanced pattern, the patient exhibited discomfort, or the patient had a high risk of complications that not only interfered with continuation of the procedure but also endangered the patient's life.



Post-Procedural Follow-Up

Post-procedural follow-up was carried out at 1, 3, and 6 months after treatment. In each follow-up, US examination, CEUS, and thyroid serum tests were performed, symptom score and cosmetic score were evaluated, and VRR of the treated nodule was calculated based on the formula: VRR = [(initial volume – final volume) × 100%]/initial volume. During the follow-up period, any specific complaints or concerns were also recorded.



Complications and Side Effects

The major complications, minor complications, and side effects are defined by the Society of Interventional Radiology (20). Major complications are defined as events that lead to substantial morbidity and disability, increase the level of care, result in hospital admission, or substantially lengthen the hospital stay. All other complications were considered minor complications. Side effects are defined as untoward consequences that do not require therapy or prescription medications and undesired consequences of the procedure.



Statistical Analysis

Continuous variables were expressed as means ± standard deviations, and chi-squared tests were used to compare categorical variables. Groups were compared using the Mann–Whitney U-test. All statistical analyses were performed using IBM SPSS Statistics 20.0 (Armonk, NY, USA). A p-value of 0.05 or less was considered statistically significant.




RESULTS


Baseline Characteristics of the Patients and Nodules

The baseline characteristics of the patients and nodules are summarized in Table 1. The mean nodule volume of 27.49 ml corresponds to the mean largest nodule diameter of 4.88 cm. As expected, due to the large nodule volume, TNs were adjacent to at least two important structures, such as the trachea, carotid artery, danger triangle area, thyroid capsule, esophagus, and vagus nerve (Table 1).


Table 1. Baseline characteristics of the patients and nodules.
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Nodule Treatment Characteristics

The treatment characteristics of the nodules are presented in Table 2. During the procedure, initial treatment efficacy was evaluated by CEUS. Eleven of the 21 TNs underwent additional ablation in the same session.


Table 2. Nodule treatment characteristics.
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VRR

The changes in TN volume at each follow-up are summarized in Figure 3. The mean VRRs of all nodules were 60.86 ± 23.25%, 74.71 ± 16.57%, and 83.41 ± 13.96% at the 1, 3, and 6 month follow-ups, respectively (p < 0.05) (Figure 3).


[image: Figure 3]
FIGURE 3. Graphs show mean thyroid nodule volume change during follow-up (FU) and individual nodule volumes. Error bars = standard deviation; *p < 0.05.




Cosmetic Score and Symptom Score

Before RFA, all patients had a readily visible TN. At the 6 month follow-up, this percentage decreased to 5% (p < 0.01). Patients with a symptom score of ≥1 (47.6%) at baseline also decreased to 0% at the 6 month follow-up (p < 0.01). Patient percentages for cosmetic and symptom scores are provided in Figure 4.


[image: Figure 4]
FIGURE 4. Graphs show (A) cosmetic and (B) symptom scores at enrollment and at 1, 3, and 6 months after initial RF ablation. Error bars = standard deviation; *p < 0.05; **p < 0.01.




Complications and Side Effects

Complications and side effects are summarized in Table 3. The overall complication rate was 9.5% (2/21). No patient experienced a life-threatening or delayed complication during follow-up.


Table 3. Complications and side effects after RFA.
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Representative Typical Cases

A 38-year-old woman who had a 43-mm-sized predominantly solid nodule (75% solid component) complained of a foreign body sensation and neck appearance. The nodule in the left lobe of the thyroid was in contact with the lateral wall of the trachea. This patient underwent the procedure with a maximum output of 55 W. After the initial procedure, intra-operative CEUS indicated the presence of residual nodule components. We then performed an additional ablation treatment to achieve complete ablation in a single session (Figure 5).


[image: Figure 5]
FIGURE 5. A 38-year-old female had a predominantly solid nodule in the left lobe of the thyroid with a cosmetic score of 4. (A) US examination showed that the baseline volume of the nodule was 26.48 ml with the largest nodule diameter of 4.3 cm, and CDU showed nodule vascularity was defined as type 1. (B) Ultrasonically guided RFA of thyroid nodule was performed. (C) CEUS after initial RFA: some tissue showed enhancement within the nodule, indicating residual tissue. CEUS-guided additional ablation was carried out to ablate the enhanced areas. (D,E) At 6 months after ablation, US examination showed that the volume of the nodule decreased to 8.84 ml (the volume reduction rate was 66.6%) and there was no enhancement within the nodule on CEUS.


Finally, the initial foreign body sensation dissolved completely after 6 months of follow-up (Figure 6).


[image: Figure 6]
FIGURE 6. The appearance of neck complaint resolved completely after one session of US-guided RFA. (A) The appearance of the neck had a cosmetic score of 4 pre-operation. (B) The patient had a good cosmetic score at 6 months after ablation.





DISCUSSION

Recently, lots of minimally invasive treatment modalities, such as ethanol ablation (EA), percutaneous laser ablation (PLA), microwave ablation, and RFA have proven their efficacy and safety as viable TN treatment alternatives to thyroidectomy (21–23). EA is the first-line choice for treating benign cystic nodules (4) but is less effective for solid ones (18). Compared with laser ablation, RFA has shown a superior effect in reducing benign solid TN volume (24) and has a low rate of side effects (25). Since most of the 21 nodules enrolled in this study were solid nodules, RFA was the better option according to some research and guidelines (9, 10).

Despite the fact that these minimally invasive procedures are effective and safe methods of nodule treatment, large TNs (initial volume > 20 ml) consistently influence treatment efficacy and require additional ablation. Del Prete et al. (26) found that EA can be a very effective treatment for thyroid cystic nodules with a 10-year follow-up. However, for TNs with a volume >40 ml, a limited number of sessions (2.7 ± 0.75 sessions) should be performed in order to treat large TNs completely. Cesareo et al. (27) reported that the large nodule subgroup accepting PLA treatment can reach a 60% volume reduction that could be satisfactory, but they still cannot exclude that a second procedure may be necessary considering the large size of these nodules. Huh et al. (16) showed that single-session RFA is effective on most TNs, but for the subgroup with a mean initial volume > 20 ml, additional ablation cannot be avoided if clinical symptoms are to be resolved. Frequently, this subgroup required more than one additional ablation session; in fact, some retrospective studies with long-term follow-up have found that most larger TNs underwent repeated RFA sessions, with some cases requiring as many as seven sessions (17).

Repeat ablation can cause many clinical problems and also has non-medical influence. First, the primary ablation can induce adhesions around the residual tissue, which may cause failure of local anesthesia to prevent pain as well as critical nerve injury caused by conducted heating. Second, the tissue around the residual can become so hard that it inhibits the smooth insertion of the electrode and increases the difficulty of the procedure. Third, the tissue next to the residual can become fibrotic and calcified, a sign of malignancy. These signs may confuse the decision-maker and give rise to some unsatisfactory and unwanted medical disputes, especially in China.

For large TNs, there are two factors associated with the single-session ablation strategy to avoid re-ablation. Safety is the premise of this strategy. The thyroid is a superficial and small organ located in the central neck that is adjacent to several critical structures, such as the common carotid artery, recurrent laryngeal nerve, and vagus nerve. Therefore, despite the nodule location, a large TN will inevitably be close to these vital vessel or nerves (28), and more importantly, a large TN could alter the vagus nerve location, making it closer to the nodule (29). Hereby, we introduce US-guided large volume hydrodissection as a means of protecting the critical structures during our procedure. Hydrodissection has been applied widely in various procedures and surgeries to protect the peripheral nerve (30, 31), and a study has proven the effectiveness of large volume hydrodissection strategy for orthopedics surgery (32). Our research applied continuous D5W (5% dextrose in water) injection to surround the large nodule during the procedure. We found that there were no major complications from injecting as much as 200 ml in the space of the neck, which indicates that large volume hydrodissection can be a feasible approach to protect vital nerves during RFA of large TNs.

Furthermore, incomplete ablation is a common problem for large TNs. The “moving shot” principle is recommended by KSTR guidelines (10) and is more feasible and powerful than fixed electrode techniques (33). Consequently, when multiple ablation units overlap the whole nodule, a complete ablation has occurred. However, it is difficult to avoid leaving a small margin of residual in large TNs monitored only by conventional US surveillance, because the anterior ablation unit with tiny bubble would interfere with the residual definitely. Undoubtedly, the residual will cause regrowth. Lim et al. (17) reported that the overall regrowth rate was 5.6% (7/126) with regrowth defined as a >50% increase in nodule volume compared with the previous follow-up volume. That often means some extent of treatment failure and unsolved clinical problems.

Complete ablation of the periphery of the nodule is the most important factor to prevent marginal regrowth and avoid re-ablation. Therefore, we used intra-procedural CEUS to evaluate the initial treatment response, which facilitated quick decision-making for whether to perform additional ablation in the same session or to finish the procedure and proceed to follow-up. Recently, Zhao et al. (34) reported that some TN factors, including proximity to danger triangle area, proximity to carotid artery, and peripheral blood flow on color-Doppler US, can cause an incomplete ablation; intra-procedural CEUS can be used to avoid this incomplete ablation. Another similar study showed that CEUS could increase the single-session complete ablation rate of US-guided PLA on benign TNs (35). In our research, we found that intra-procedural CEUS can increase the detecting rate of marginal residual after the initial RFA (11/21, 52.4%); consequently, the VRR in this study of large TNs was 60.86 ± 23.25%, 74.71 ± 16.57%, and 83.41 ± 13.96% at 1, 6, and 12 month follow-ups, respectively. To our knowledge, this is a higher VRR for large TN ablation, and more importantly, no major complications occurred in this study. Recently, both Xiaoyin et al. (36) and Cui et al. (19) proved that the strategy of hydrodissection combined with intra-procedural CEUS is safe and effective for relatively large BTNs (diameter > 2 cm). Though the nodules are smaller than our research, it still supports our perspective in some extent.

There were several limitations to the current study. First, this is a retrospective study that may cause some selection bias. Additional prospective studies should be performed in the near future. Next, the case numbers enrolled in this study are relatively small, indicating a need for further research with large case series. In addition, the operator's experience can be a very important factor for the success of this strategy on large TNs, and thus, the operator's level of experience should also be evaluated carefully. Finally, this study's relatively short follow-up period may not be sufficient to assess the real efficacy of this strategy.



CONCLUSION

The strategy for single-session complete ablation of large TNs combining RFA with large volume hydrodissection and intra-procedure CEUS, as well as an additional RFA, should be performed in one session. Therefore, large TNs treated with this strategy could achieve a better outcome in terms of VRR compared with the regular method.
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