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Special Lecture

Core Needle Biopsy (CNB) and Radiofrequency (RF)
Ablation for Thyroid Nodules

Jung Hwan Baek
Department of Radiology and Research Institute of Radiology, Asan Medical Center

Thyroid nodules are common problem in adult population, and which have been demonstrated
by palpation in 4-8% and by ultrasound (US) in 10-419% . Majority of thyroid nodules are benign
but some thyroid nodules require treatment because of cosmetic or subjective symptoms @ Tra-
ditionally surgery and levothyroxine medication have been used to treat benign thyroid nodules®.
Recently, levothyroxine medication is not recommended anymore by several guidelines . Non-
surgical, minimally invasive modalities, including ethanol ablation (EA) and percutaneous laser
ablation (LA), have been applied to treat thyroid nodules ® 7). Although EA is effective for cystic
nodules @ 1714 it is less effective in solid nodules 19, Therefore LA as a thermal ablation method
has been applied to solid thyroid nodules € 720,

Radiofrequency (RF) ablation is a minimally invasive technique that has been used to treat
various malignant tumors, especially those of the liver cancers ® . Recently, RF ablation has been
reported to be both effective and safe for either benign thyroid nodules & 162439 or recurrent thyroid
cancers ©"3, These results have been promising, and no significant complications were evident.
This review thus offers information on the basic physics, devices and techniques that have been

especially designed to optimize thyroid RF ablation as well as the clinical results and complications.

Indications

Korean Society of Thyroid Radiology had held consensus meeting for radiofrequency abla-
tion in 2009 and 2011 ®. We suggested RE ablation for patients with subjective symptoms and/
or cosmetic problems and in patients with AFTN 39, To exclude malignant thyroid nodules and
follicular neoplasm, the investigators of the Korean Society of Thyroid Radiology have recom-
mended that the nodules to be treated should be confirmed as benign lesions using two separate
US-guided fine needle aspirations (FNA), and that nodules showing malignant features on US be

excluded from RF ablation © 3 38,

Principles of Radiofrequency Ablation

The term RF refers an alternating electric current oscillating between 200 and 1,200kHz -0,
Application of RF current to tissue agitates ions and then such agitation creates frictional heat.
Although this heat creates immediate damage to tumor tissue, the damage is significant only in
regions very close to the electrode (several mm) “Y. Simultaneously, tumor tissue more remote
from the electrode is heated slowly 3% 4D The nature of thermal damage caused is dependent on
the tissue characteristics, tissue temperature and the duration of heating.

Several factors may associate with the efficacy of RF ablation % 429 The first parameter is

temperature. Vaporization and carbonization retard optimal ablation. When tissue vaporization

_7_



occurs, a large amount of gas formed around the electrode acts as an insulator, preventing the
production and conduction of heat. A second factor is the heterogeneity of tumor tissue, such as
fibrosis, colloid and calcification %, Tissue heterogeneity can alter electrical and thermal conduc-

tance. A third factor is blood flow; this result in heat sink effect.

Devices and Procedures of RF ablation

Unlike the liver tumors, thyroid nodules have different circumstances. In contrast to liver, the
thyroid gland is relatively small organ; but thyroid nodules are relatively large and spherical in
shape ©637. Therefore, different devices and techniques have been developed for thyroid RF abla-
tion. Two types of electrodes have been applied for thyroid nodules; these are straight internally
cooled electrode and multi-tined expandable electrode & 1625272930 - A gtraight internally cooled
electrode (17-gauge, 15cm in length, with a 1-cm active tip) has been used in Korea - 16-25-2.30)
Recently, a modified, straight internally cooled electrode was developed @26 4 This modified
electrode is short (7cm) for easy control, thin (18-gauge) to minimize normal thyroid tissue injury,
and can be used with various size active tips (0.5cm, 0.7cm, 1cm, 1.5cm or 2cm). Small active tips
have been used in the treatment of recurrent thyroid cancers ©?.

Patient is placed in the supine position with mild neck extension and two grounding pads are
firmly attached to both thighs. Most operators have been used local anesthetic 242 2930- hut one
group has been used Ketorolac to prevent pain®. The approach utilized to date is a trans-isthmic
approach method along the short axis of the nodule. The trans-isthmic approach method has been
used for RF ablation 162426 With this method, the electrode is inserted from the medial to the
lateral aspect of a nodule. This trans-isthmic approach method has several advantages 37,

Baek et al. have proposed a moving shot technique for thyroid nodules - 16.2426.36-39 in contrast
to the fixed electrode technique, which has been used to treat liver tumors %344 TIn the liver,
the electrode is fixed in position during the ablation, resulting in a round ablation zone including
normal liver tissue to prevent marginal recurrence. Because thyroid nodules are usually ellipsoid
in shape, prolonged fixation of the electrode is dangerous to critical structures around the thyroid
gland. Baek et al. ® have suggested to divide thyroid nodules into multiple conceptual ablation
units, and perform ablation unit-by-unit, by moving the electrode. The conceptual ablation units
are smaller at the periphery of the nodule and larger in the central safe area. Initially, the elec-
trode tip 1s positioned in the deepest and most remote portion of the nodule to enable the tip to
be easily monitored in the absence of any disturbance caused by microbubbles. Ablation is com-
menced with 30-50 watts (1-cm active tip) or 50-80 watts (1.5-cm active tip) of RF power. When a
transient echogenic zone appears at the targeted conceptual unit, RF power is decreased, and the
electrode tip is moved to an untreated conceptual unit. The electrode is continuously moved both
backward and in the superficial direction within the thyroid nodule. The extent of the ablated
area is determined by echogenic changes. If a transient hyperechoic zone does not form at the
electrode tip within 5-10 seconds, RF power is increased in 10 watts increments to a maximum of
120 watts. If a patient cannot tolerate the pain, the power is reduced or turned off for a moment.
RF ablation can be terminated when all conceptual units of the targeted nodule have become

transient hyperechoic zones 39,



Follow-up Evaluation

Follow-up is performed by US and/or CT/MRI scan. US examinations at 1, 3, 6, and 12
months, and every 6-12 months are routinely performed *%. After RF ablation, the echogenicity
of a nodule would be lower than noted before ablation, and intra—nodular vascularity should disap-
pear 373 Additional RF ablation can be considered if a viable portion of the nodule remained
on follow—up US, or if a patient complains of incompletely resolved clinical problems, including

cosmetic and symptomatic problems 2743,

Clinical Outcomes

The results of RF ablation are evaluated by change in nodule volume and improvement in
clinical concerns. The nodule volume reduction after RF ablation has been found to range from
32.7-582% at 1 month and from 50.7-84.8% at 6 months ¢ 162272930 The first report on the use
of RF ablation demonstrated that reduction of nodule volume and improvement of nodule-related
symptoms ®9. The result of this study was confirmed by Jung et al. in a large series (236 patients)
with mean follow—up of 12 month. In this study, volume reduction at 6 months after ablation was
about 85%, >50% volume reduction in 91%, and 28% of index nodules disappeared on follow-up
Uusy,

A single session of RF ablation also showed efficacy in both cold and AFTNs ", But volume
reductions after RF ablation were less than noted in other reports® 22930 which may be attribut-
able to the large nodule volume, including AFTNs and the use of only a single session of RF abla-
tion. RF ablation is also safe and effective in elderly patients who are poor candidate for surgery
@ RF ablation has been reported to be effective in patients with AFTN, reducing the volume
of treated nodules, improving nodule-related symptoms and cosmetic problems, and improving
abnormal thyroid function @ 29, Hyperthyroid patients with AFTN required reduced or no me-
thimazole therapy at the end of follow-up @. RF ablation has also been useful to treat patients
who showed incompletely resolved clinical symptoms after EA 1640 These findings suggest that
EA is effective to treat 80% of thyroid nodules (with cystic portions >50%), but 20% of patients
who showed incompletely resolved symptoms because of residual solid nodule regions were ef-

fectively treated by RF ablation “7.

Complications

Various complications of thyroid RF ablation have been reported, including pain, voice change,
hematoma, skin burn at the puncture site, thyrotoxicosis, hypothyroidism, edema, and fever, but
most patients recovered without sequela 1625272930 Pain is the most common symptom experi-
enced during the procedure. Most of the patients complain of various degrees of pain in the neck
and/or radiating to the head, ear, shoulders, chest, back, or teeth. However pain falls rapidly when
the generator output is reduced or turned off V. Voice change is one of the serious complications
which can be caused by thermal damage of recurrent laryngeal nerve or vagus nerve “0 4.4 Sq
far this complication has been reported in four patients, with three showing complete recovery
within 3 months and the fourth patient being lost to follow-up ® 3. Skin burns may occur at the

sites of electrode insertion and ground attachment. To date, only first-degree burns have been
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reported at the electrode insertion site; such burns, however, were self-limiting, without sequela.

Although hematoma, edema, and fever are usually self-limiting, medications may reduce patient

symptoms & %" 2 Hematoma is usually caused by mechanical injury to the vessels around the

thyroid gland or in the thyroid nodule. When a large hematoma develops, RF procedure should

be delayed for 1-2 weeks.

Conclusion

RF ablation is effective and safe non-surgical method for treatment of benign thyroid nodules

and recurrent thyroid cancers. To minimize complications, the operator should have knowledge

about the broad spectrum of complications, and the preventive technical tips.
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