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Thyroid radiofrequency ablation and microwave ablation are widely adopted minimally invasive treatments for diverse thyroid con-
ditions worldwide. Fundamental skills such as the trans-isthmic approach and the moving shot technique are crucial for performing 
thyroid ablation, and advanced techniques, including hydrodissection and vascular ablation, improve safety and efficacy and reduce 
complications. Given the learning curve associated with ultrasound-guided therapeutic procedures, operators need training and expe-
rience. While training models exist, limited attention has been given to ultrasound maneuvers in ablation needle manipulation. This 
article introduces two essential maneuvers, the zigzag moving technique and the alienate maneuver, while also reviewing the latest 
ultrasound techniques in thyroid ablation, contributing valuable insights into this evolving field.

Keywords: Ablation techniques; Microwaves; Radiofrequency ablation; Thyroid nodule

INTRODUCTION

Thyroid radiofrequency ablation (RFA) [1] and microwave abla-
tion (MWA) [2] are novel minimally invasive treatments that 
have gained widespread adoption worldwide. They have been 
shown to be effective and safe for managing benign thyroid nod-
ules, cystic nodules, parathyroid adenoma, papillary thyroid mi-
crocarcinoma, metastatic lymph nodes, and inoperable recurrent 
thyroid cancers. After ablation, these thyroid lesions typically 
manifest with firm and heterogeneous hypoechogenicity on ul-
trasonography (Fig. 1). Free-handed ultrasound (US) techniques, 
including the trans-isthmic approach [3,4] and the moving shot 
technique [5,6], have become fundamental skills for performing 

thyroid ablation. Moreover, advanced US techniques, such as 
hydrodissection (HD) and vascular ablation, have been intro-
duced to improve safety and efficacy, thereby minimizing com-
plications [7]. It is important to recognize that there is a learning 
curve associated with US-guided therapeutic procedures [8-10], 
and operators undertaking thyroid ablation require appropriate 
training and experience. While a successful training model [11] 
has been introduced to expedite the learning curve, limited atten-
tion has been given to training on US maneuvers in manipulating 
the ablation needle. This article aims to introduce two fundamen-
tal maneuvers, namely the zigzag moving technique and alienate 
maneuver. Additionally, we review the latest US techniques em-
ployed in thyroid ablation procedures.
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BASIC TECHNIQUES AND MECHANISMS 
OF THYROID THERMAL ABLATION

There have been numerous advances in US techniques for treat-
ing thyroid nodules (Table 1). The trans-isthmic approach and 
moving shot technique have become basic and core techniques 
in performing thyroid ablation [12]. Caution is needed to avoid 
damage to the critical structures surrounding the thyroid gland, 
including nerves, large vessels, and the esophagus [13,14]. The 
trans-isthmic approach is specifically employed to prevent dam-
age to the “danger triangle,” which includes the recurrent laryn-
geal nerve (RLN), which is located between the tracheoesopha-
geal groove and the thyroid gland. This approach involves in-
serting the electrode needle through the midline to the lateral as-
pect of the neck. Local anesthesia is administered between the 
thyroid capsule and adjacent muscles to minimize pain during 
treatment. For nodules located close to critical structures, HD 
techniques have emerged as advanced yet core approaches for 
separating the nodule from these structures. Experienced opera-
tors may consider various approaches and needle retention 
methods during HD [15], such as the antero-lateral approach, 
danger triangle approach, pre-tracheal approach, and posterior 
approach. In the treatment planning of nodule ablation, the tar-
get nodule is typically divided into several conceptual units for 
ablation based on the nodule’s size [1]. The free-handed moving 
shot technique is recommended over the fixed electrode tech-
nique [1,16], as it allows higher ablation efficacy, facilitating the 
complete ablation of all units and enabling the delivery of in-
creased ablation energy.

In RFA, the generation of frictional heat results from agitated 
ions with a local temperature increase induced by high-frequen-
cy alternating electric current flowing around the electrode. This 
process causes protein denaturation and tissue necrosis. Greater 

ablation volume and more extensive tissue damage can occur 
through thermal radiation and conduction whenever the active 
tip is fixed within one area [1]. Modern RFA devices are de-
signed to minimize tissue carbonization by employing internal 
water cooling in the center of the electrodes, maintaining a 
steady temperature of around 60°C during ablation. In contrast, 
MWA utilizes microwaves to heat water molecules, ensuring a 
consistent power output unaffected by electrical impedance, 

Fig. 1. (A) Pre-radiofrequency ablation (RFA) ultrasound of thyroid nodule. (B) Post-RFA ultrasound of the same thyroid nodule (arrows). 
CCA, common carotid artery; T, trachea.
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Table 1. Summary of Basic and Advanced Ultrasound Tech-
niques

Techniques Clinical application

Perithyroidal  
lidocaine injection

Minimization of pain by local anesthesia of the 
thyroid capsule and strap muscle

Moving shot  
technique

Most efficient way to achieve the largest ablation 
volume

HD technique Retained needle for continuous HD

Antero-lateral Pain-relieving effect, protection of the middle 
CSG and vagus nerve

Pre-tracheal Ablation of isthmus lesions

Danger triangle Prevention of injury of RLN and esophagus

Posterior Protection of the thyroid bed, especially for right 
lobe

Vascular ablation 
technique

Artery-first  
ablation

Reduction of the heat-sink effect and hemorrhagic 
risk

Marginal venous 
ablation

Prevention of marginal regrowth

Zigzag moving  
technique

Transitioning of the electrode needle between 
conceptual ablation units

Alienate maneuver Prevention of thermal injury to the danger  
triangle and posterior compartment

HD, hydrodissection; CSG, cervical sympathetic ganglion; RLN, recur-
rent laryngeal nerve.
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thereby reducing treatment time. Furthermore, the technical US 
requirements for both devices are nearly identical.

The zigzag moving technique
We introduce a crucial maneuver called the “zigzag moving 
technique” for manipulating the RFA electrode or MWA anten-
na while transitioning between ablation units within the target 
lesion. Typically, after the insertion of the electrode through the 
trans-isthmic approach under US guidance, ablation begins 
from the deepest and most remote portion of the nodule. The 
needle tip is then gradually retracted toward the margin of the 
nodule. This process is repeated with a less tilted angle towards 
the superficial portion until the entire unit is completely treated. 
Upon the complete ablation of the current unit, the electrode tip 
is drawn back to the edge of the nodule, ideally without exiting 
the nodule.

To access the next intended ablation unit, a “zigzag” or “saw-
tooth”-like movement of the tip toward the next unit is recom-
mended (Fig. 2). Simultaneously, the position of the US probe is 
adjusted with a wedge-shaped movement to maintain alignment 
and visualize the electrode tip during each move. This technique 
aims to minimize puncture holes within the ablated nodule and 
is strongly recommended for all operators to incorporate into 
their thyroid ablation procedures. For beginners, mastering this 
technique prevents disorientation regarding the position of the 
electrode/needle tip and may lead to a faster learning curve, al-
lowing them to achieve larger ablation volumes in less time.

TECHNIQUES FOR AVOIDING THERMAL 
INJURIES

Hydrodissection
The HD technique is extensively employed in both RFA and 

MWA to ablate liver and thyroid tumors. It has proven to be an 
effective method for separating the target lesion from critical 
structures by creating a liquid buffer [12,14]. Various methods 
can be utilized for HD. One of the fundamental US techniques 
is the perithyroidal lidocaine injection, also known as the antero-
lateral approach HD (Fig. 3) [17]. This technique aims to mini-
mize pain during ablation and to protect adjacent structures, es-
pecially those located laterally to the thyroid, such as the middle 
cervical sympathetic ganglion and the vagus nerve [15,18,19]. 
The injected lidocaine serves as a temporary barrier between the 
thyroid capsule, strap muscles, and carotid sheath, but it eventu-
ally disperses into the mediastinum [20]. Care should be taken 
to avoid complications such as voice change if lidocaine leaks 
into the peri-tracheal area. A 5% dextrose solution is the pre-
ferred medium for HD over normal saline because normal sa-
line, as an ionic liquid, can conduct electricity and potentially 
cause damage to nearby structures through friction heat [1,13]. 

Fig. 2. Illustrations of the procedure for the zigzag moving technique from a front view. (A) After ablating the lower unit, the needle tip is 
withdrawn to the periphery of the nodule. (B) The needle is then maneuvered within the nodule in a zigzag or sawtooth-like pattern towards 
the upper ablation unit (the path of the needle tip is indicated by the white line). (C) This movement is continued until the desired ultrasound 
plane is accurately reached. Subsequently, the electrode is advanced to the deepest part of the target area to begin ablation of the upper unit 
(the white line depicts the complete trajectory of the needle).

A B C

Fig. 3. Perithyroidal lidocaine injection and antero-lateral hydrodis-
section with a retained needle for continuous hydrodissection. CCA, 
common carotid artery; T, trachea.
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However, this concern is not applicable to MWA, making nor-
mal saline the preferred choice for this method. The “danger tri-
angle” approach is a commonly used HD technique (Fig. 4), 
where the solution is injected from the posterior surface of the 
isthmus (pre-tracheal) and directed toward the space around the 
“danger triangle.” Skilled practitioners may choose to keep the 
injection needle in place (Fig. 5) [17,20] to continuously admin-
ister the solution and maintain the dissection gap. The posterior 
approach, involving HD between the thyroid and retropharyn-
geal space, can be applied using either trans-isthmic or lateral 
cervical approaches (Fig. 6) [15]. The posterior approach is 
strongly recommended for ablating deep nodules in the right 
lobe, considering the slightly lateral path of the RLN compared 
to the left side [10]. Using a large volume of HD fluid, typically 
greater than 40 mL, has yielded satisfactory outcomes [20]. In 
our experience, transient hoarseness or voice changes can some-
times occur due to compression and the cooling effect on the su-

perior laryngeal nerve or RLN, but these symptoms usually re-
solve before the ablation procedure is completed. 

The alienate maneuver
In addition to HD, we introduce another concept, termed the 
“alienate maneuver.” In scenarios involving the trans-isthmic 
approach, once the needle has been advanced to the deepest and 
most remote part of the nodule, with the isthmus serving as a 
pivot, firm and steady upward pressure can be exerted toward 
the antero-lateral aspect of the neck. The purpose of this maneu-
ver is to elevate the nodule, moving it away from the danger tri-
angle and the posterior compartment, allowing for complete ab-
lation of the deepest portion using the moving shot technique. 
For this maneuver, it is preferable to use electrodes or antennas 
with a larger diameter (16 to 18 gauge), as thinner needles may 
bend when force is applied. Theoretically, the combined use of 
HD and the alienate maneuver could further minimize the risk 

Fig. 4. (A) Ultrasonography of a high-risk thyroid nodule (N) adjacent to the trachea (T) and danger triangle. A perithyroidal lidocaine injec-
tion was performed (arrows). (B) Hydrodissection by the danger triangle approach with a continuous injection of 5% dextrose solution (ar-
rows). A sufficient safety margins between the N and peri-tracheal region was secured. CCA, common carotid artery.

A B

Fig. 6. Hydrodissection by the posterior approach with a continuous 
injection. With a large enough amount of hydrodissection solution, 
both the lateral compartment and posterior compartment were cov-
ered. CCA, common carotid artery; N, nodule; T, trachea.

Fig. 5. Image illustrating the actual performance of continuous hy-
drodissection and radiofrequency ablation. A 21G needle was con-
nected to a dextrose solution syringe by the danger triangle approach 
through the isthmus (arrow). US, ultrasound; D5W, 5% dextrose 
water.

US probe

Electrode

D5W
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of thermal injury (Fig. 7).

VASCULAR ABLATION

Artery-first ablation and marginal venous ablation [7,21] are 
two recommended techniques aimed at reducing the heat-sink 
effect [22], decreasing the risk of hemorrhage, and minimizing 
potential marginal growth. Although arterial ablation is not re-
quired for every patient and locating the feeding vessels can be 
challenging in some instances, it is advantageous when possible. 
In hyper-vascular thyroid nodules, a prominent feeding artery is 
often detectable using spectral Doppler imaging (Fig. 8), typi-

cally originating from either the superior or inferior thyroid ar-
tery. If a feeding artery is ablated, intra-nodular linear hyper-
echogenicity caused by microbubbles within the supplying ves-
sels or a wedge-shaped hypodense region representing infarc-
tion of the corresponding part may be observed. Patients may 
experience pain during artery ablation due to innervation within 
the arterial walls.

The marginal venous ablation technique is widely applied, 
given that most thyroid nodules have peri-nodular veins. Simi-
lar to the ablation of arteries, this technique results in vessels 
filled with microbubbles, displaying hyperechogenicity at the 
superficial part of the nodule (Fig. 9). When both techniques are 
employed concurrently, arterial ablation should precede venous 
ablation. Previous studies suggest that the marginal venous ab-
lation technique may be beneficial for preventing marginal re-
growth [7,23,24].

CONCLUSIONS

The zigzag moving technique is a recommended manipulation 
for controlling the RFA electrode or MWA antenna during the 
transition between conceptual ablation treatment units within a 
nodule. It is important for operators to understand and practice 
these fundamental and advanced US techniques, including the 
alienate maneuver, HD, and vascular ablation, to ensure a safe 
and effective treatment.
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Fig. 7. The alienate maneuver. After advancing the electrode to the 
deepest portion of the nodule (N), upward pressure (arrow) can be 
applied towards the antero-lateral part of the neck. With the help of 
antero-lateral and danger triangle hydrodissection (HD), the N was 
isolated from critical structures. CCA, common carotid artery; T, tra-
chea.

Fig. 9. Ultrasound of a hyper-vascular nodule (N) after marginal vein 
ablation. Hyperechoic air bubbles (arrows) fill the veins and can be 
observed at the superficial part of the ablated N. CCA, common ca-
rotid artery; T, trachea.

Fig. 8. Feeding vessel entering a hyper-vascular nodule (N). The 
feeding artery can be distinguished and located by color and spectral 
Doppler showing an arterial waveform. CCA, common carotid ar-
tery; T, trachea.
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