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Background: Although radiofrequency ablation (RFA) is a safe treatment for thyroid tumors, nerve damage is a frequent complica-
tion. A previous retrospective study suggested that an injection of cold 5% dextrose in water (5% DW) can reduce nerve damage
during RFA. This study validated the efficacy of injecting cold 5% DW for management of nerve damage during RFA.

Methods: Between November 2017 and December 2018, 242 patients underwent 291 RFA sessions for treatment of benign thyroid
nodules or recurrent thyroid cancers. Using a standardized technique, cold (0°C to 4°C) 5% DW was immediately injected around
the damaged nerve into patients with any symptoms suggesting nerve damage. The incidence of nerve damage, the volume of 5%
DW injected, symptom recovery time and the incidence of permanent nerve damage were evaluated.

Results: Nineteen patients experienced nerve damage symptoms related to 21 RFA sessions, including 17 patients during 19 ses-
sions and two patients on the day after two sessions. Patients with nerve damage symptoms detected during RFA were treated by in-
jection of a mean 41 mL (range, 3 to 260) cold 5% DW, but the two patients who experienced symptoms the next day did not receive
cold 5% DW injections. Immediate recovery was observed after 15 RFA sessions in 14 patients. No patient experienced permanent
nerve damage.

Conclusion: Injection of cold 5% DW is effective in managing nerve damage during RFA of thyroid lesions.
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INTRODUCTION

Ultrasonography (US)-guided radiofrequency ablation (RFA) is
an alternative treatment for benign thyroid nodules and recur-
rent thyroid cancers [1,2]. Previous studies [3-11], including
meta-analyses, showed that RFA is safe, with a low incidence of

complications. Among patients undergoing RFA for benign thy-
roid nodules and recurrent thyroid cancers, the incidences of
overall complications have been reported to be 2.1% and 11.0%,
respectively, and the incidences of major complications 1.3%
and 6.7%, respectively [12]. Complications can include nerve
damage symptoms, such as voice changes, Horner syndrome,
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limitations of shoulder movement, and palpitations, which must
be carefully managed to avoid permanent sequelae [7,9].

Complications during RFA can be minimized by better under-
standing of nerve anatomy and by methods such as the moving-
shot technique, hydrodissection and using a small-sized elec-
trode tip (0.38 to 0.5 cm) [1,13-15]. However, no standard man-
agement method has yet been introduced for complications
(e.g., voice changes). Although one previous retrospective study
suggested that injection of 5% cold dextrose in water (DW) so-
lution around the damaged nerve can mitigate nerve damage
during RFA [16], this has not been validated. The present study
evaluated the efficacy of injecting 5% cold DW using a stan-
dardized technique [16] into patients with symptoms of nerve
damage during RFA.

METHODS

This retrospective study was approved by the Institutional Re-
view Boards (2019-0783) of Asan Medical Center. Written in-
formed consent by the patients was waived due to a retrospec-
tive nature of our study.

Study population

Between November 2017 and December 2018, 242 patients, in-
cluding 48 men and 194 women, of mean age 50.9+£15.7 years,
underwent RFA for US-guided biopsy-proven benign thyroid
nodules causing cosmetic or symptomatic problems [1] or biop-
sy-proven recurrent thyroid cancers. The study population con-
sisted of the subset of these patients who experienced nerve-re-
lated complications.

RFA technique
RFA was performed according to the guidelines of the Korean
Society of Thyroid Radiology [1]. US-guided biopsy samples
were obtained by radiologists under the supervision of three
staff radiologists who had 10 years (Y.J.C.), 21 years (J.H.L.),
and 25 years (J.H.B.) of experience with thyroid US. US-guided
RFA was performed by three staff radiologists. RFA was per-
formed using an RF generator (VIVA RF generator, STARmed,
Goyang, Korea; and M-2004, RF Medical, Seoul, Korea) and
18-gauge thyroid dedicated modified internally cooled elec-
trodes (VIVA, STARmed; and RFT-0710, RF Medical) with
multiple active tips (3.8, 5, 7, and 10 mm). The size of the active
tip selected was dependent on the size of the thyroid lesion [2].
To reduce pain, 2% lidocaine was injected into the perithyroi-
dal or perilesional area and at the skin puncture site [1,2]. RFA
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of benign nodules was performed using the trans-isthmic ap-
proach and the moving-shot technique, whereas RFA of recur-
rent cancers was performed using the moving-shot and hy-
drodissection techniques [17-20]. Adjacent structures were
carefully monitored and hydrodissection was performed to min-
imize nerve damage in patients undergoing RFA for recurrent
cancers. Hydrodissection consisted of a continuous injection of
cold 5% DW to separate critical structures, including the nerve
and esophagus, from the thyroid tumors [2,21,22]. Safety mar-
gins during RFA were preserved by continuous fluid injection,
as injected fluid spreads along and is absorbed by the muscle
plane. RFA was terminated when the entire targeted lesion be-
came transiently hyperechoic [1]. Patient symptoms, especially
nerve damage symptoms, were monitored during RFA. Patients
were evaluated in the hospital for 30 minutes after RFA.

Definition of complications and side effects

Major and minor complications, as well as side effects, were
classified according to the guidelines of the Society of Interven-
tional Radiology [7,9,23]. Major complications were those that
led to substantial morbidity or disability, requiring hospital ad-
mission or increased hospital stay. Major complications in this
study included voice changes and shoulder weakness lasting
over 1 month. All other complications, including voice changes
lasting less than 1 month and hematoma that induced an acute
symptom or required medication, were defined as minor com-
plications. Side effects were defined as signs and symptoms not
requiring therapy or prescription medications, as well as any
undesired consequences of RFA. Following the reporting in
previous studies [7,9], transient voice change due to lidocaine
injection was regarded as neither complications nor side effects.

Management of suspected nerve damage

Nerve damage symptoms evaluated during RFA included voice
changes, Horner syndrome, palpitations, limitations of shoulder
movement, and paresthesia. Because the recurrent laryngeal
nerve is the nerve most frequently affected during RFA [3,6,8,9,
16], voice changes during RFA were monitored regularly. Voice
changes can also be induced by injury to the vagus nerve. Horn-
er syndrome can be induced by injury to the cervical sympathet-
ic ganglion, and limitations to shoulder movement can be in-
duced by injury to the spinal accessory nerve [3,9,16]. We regu-
larly monitored voice changes, symptoms of Horner syndrome
(i.e., injection of conjunctiva), and shoulder movement during
RFA, especially during ablation near critical structures (e.g.,
nerves, trachea, and esophagus). Patients’ vital signs, including

Copyright © 2020 Korean Endocrine Society



heart rate, blood pressure, and oxygen saturation, were also
monitored. Cold 5% DW was prepared before ablation, allowing
immediate injection when nerve symptoms appeared. Ablation
was stopped immediately in patients with nerve damage symp-
toms detected during RFA. To manage nerve damage and reduce
its progression, cold (0°C to 4°C) 5% DW was injected into the
area around the damaged nerve (Fig. 1) [16]. Cold 5% DW at
0°C to 4°C was chosen because it was isotonic and did not con-
duct electricity [24]. Using a 21 G spinal needle, cold 5% DW

EnM

was injected continuously into the tracheoesophageal groove,
the most common course of the recurrent laryngeal nerve [25],
and the site of suspected nerve injury, until patient recovery from
voice changes. Additional fluid was injected after recovery from
voice changes to reduce thermal injury caused by residual heat.
We did not include this extra volume of additionally injected
cold 5% DW in the measurement of the injected volume. Nerve
symptoms were monitored the next day by telephone, with fol-
low-up calls repeated until complete symptom relief. Oral corti-

(A) Ultrasonography showing a benign thyroid nodule (1.7X3.8X4.5 cm) in the left isthmic thyroid gland. (B) Radiofrequency elec-
trode with a 1 cm sized active tip located within the nodule for ablation. (C) During ablation, the patient complained of voice changes; abla-
tion was immediately stopped and cold 5% dextrose water was injected into the left tracheoesophageal groove. (D) After injection of 20 mL

cold 5% dextrose water, the voice change was completely relieved.
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costeroids were prescribed for patients who did not recover from
voice changes or other nerve damage symptoms after injection
of cold 5% DW, but were not prescribed for patients who expe-
rienced immediate symptom relief after injection of cold 5%
DW. Parameters evaluated included the incidence of nerve dam-
age, the volume of cold 5% DW injected, symptom recovery
time, and the incidence of permanent nerve damage. We defined
immediate recovery of a nerve symptom as symptom relief a

Table 1. Demographic and Clinical Characteristics of the Study
Population

Pathology

Characteristic 113;1:;%2 Rt?;lzzjm fotl
(n=242)
nodules cancers
(n=177) (n=65)
Age, yr 4824+13.5 582+18.6 509+15.7
Gender
Male 23(13.0)0 25(38.5) 48(19.8)
Female 154 (87.0)  40(61.5) 194 (80.2)
Total no. of sessions® 200 91 291
1 138(69.0)  74(81.3) 212(72.9)
2 45(22.5) 10(11.0)  55(18.9)
>3 17 (8.5) 7(7.7) 24(8.2)
Total energy, J* 33.8£16.5 13.6+£9.0 27.5+174
Mean volume, mL* 14.0+145 19.2486.0 15.5+46.8
Mean diameter, cm® 39+23 1.6£2.0 32+25
Location®
Right thyroid lobe 86 (43.0) NA 86 (29.6)
Left thyroid lobe 102 (51.0) NA 102 (35.1)
Isthmus 12 (6.0) NA 12 (4.1)
Operation bed NA 35(38.5)  35(12.0)
Level IT NA 11(12.1) 11(3.8)
Level 11T NA 8(8.8) 8(2.7)
Level IV NA 8(8.8) 8(2.7)
Level V NA 1(1.1) 1(0.3)
Level VI NA 13(14.3) 13 (4.5)
Supraclavicular lymph node NA 6 (6.6) 6(2.1)
Stenocleidomastoid muscle NA 2(2.2) 2(0.7)
Paraspinal muscle NA 1(1.1) 1(0.3)
Axillar lymph node NA 2(2.2) 2(0.7)
Preauricular lymph node NA 3(3.3) 3(1.0)
Suprasternal area NA 1(1.1) 1(0.3)

Values are expressed as mean=standard deviation or number (%).
NA, not applicable.
*Session based number.

few minutes after starting cold 5% DW injection.

RESULTS

The 242 patients, including 177 with benign nodules and 65
with recurrent thyroid cancers (papillary thyroid cancer, 62 pa-
tients; medullary thyroid carcinoma, three patients), underwent
a total of 291 RFA sessions, including 212 (72.9%) single ses-
sions. Table 1 shows the demographic and clinical characteris-
tics of these patients. Mean thyroid nodule volume was 15.5+
46.8 mL (range, 0.1 to 178), and mean total RF energy was
27.5+17.4J (range, 5 to 90).

Complications and side effects of RFA are summarized in Ta-
ble 2. The incidences of major and minor complications were
2.1% and 6.5%, respectively. Voice change was the most com-
mon major complication (50%, 3/6). Table 3 shows cases of
suspected nerve damage during and after RFA. Nineteen pa-
tients experienced nerve damage during and after 21 sessions of
RFA (20 voice changes and one limitation of arm elevation).
Two patients with recurrent tumors in the operation bed each
experienced voice problems on two occasions.

Table 2. Complications and Side Effects of Radiofrequency Ab-
lation

Total  Benign Recurrent
SIR .
clasg Sessions nodules
¥ (n=291) (n=200)

Complication cancers

(n=91)

Major complications® 6 3 3
Voice change >1 mo C 3 2 1
Skin burn E 1 0 1
Grave’s disease E 1 1 0
Spinal accessory nerve injury”  C 1 0 1

Minor complications 19 8 11
Voice change <1 mo B 17 6 11
Hematoma B 2 2 0

Side effects 16 13 3
Pain NA 10 8 2
Hematoma NA 4 4 0
Vasovagal reaction NA 2 1 1

SIR classification: A (no therapy, no consequence), B (nominal therapy,
no consequence; includes overnight admission for observation only), C
(requires therapy, minor hospitalization <48 hours), D (requires thera-
py, unplanned increase in level of care, prolonged hospitalization >48
hours), E (permanent adverse sequelae), F (death).

SIR, Society of Interventional Radiology; NA, not applicable.

*Session based number; "Spinal accessory nerve injury: limited arm ele-
vation.
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Fig. 2 shows a flowchart of the patients included in this study. ~ during and after 21 RFA sessions, 17 patients experienced nerve

Of the 19 patients who experienced nerve damage symptoms  damage symptoms during 19 RFA sessions and two patients ex-

Table 3. Description of Patients Who Experienced Suspected Nerve Damage during and after RFA
Size Symptom Injection of Time interval
Patient Age Sex Pathology Location ; ’ Symptom v n[? 4 SIR classification  cold dextrose Steroid until symptom
‘ o solution, mL improvement
1 67 Female Recurrent Rightoperation 1.2 Voice change During ~ Minor complication Yes, 7 No  Immediate after
PTC bed RFA injection
2 79 Female Recurrent Rightoperation 0.5 Voice change During Minor complication Yes, 35 No Immediate after
BIE@ bed RFA injection
3 66 Female Recurrent Leftoperation 0.6 Voice change During Minor complication Yes, 60 No Immediate after
PTC bed RFA injection
4 36 Male Recurrent Leftoperation 0.4 Voice change During Minor complication Yes, 50 No Immediate after
PTC bed RFA injection
5 74 Female Recurrent Rightoperation 1.0 Voice change During Minor complication Yes, 40 No Immediate after
PTC bed RFA injection
6 66 Female Recurrent Rightoperation 1.7 Voice change During Minor complication Yes, 20 No Immediate after
PTC bed RFA injection
7 59 Female Benign  Right thyroid 3.6 Voice change During Minor complication Yes, 15 No Immediate after
nodule RFA injection
8 36 Female Benign  Left thyroid 1.2 Voice change During ~ Minor complication Yes, 3 No  Immediate after
nodule RFA injection
9 35 Male Benign Left thyroid 4.5 Voice change During Minor complication Yes, 20 No Immediate after
nodule RFA injection
10 61 Female Benign  Left thyroid 4.3 Voice change During ~ Minor complication Yes, 5 No Immediate after
nodule RFA injection
11 58 Female Benign  Right thyroid 5.8 Voice change During ~ Minor complication Yes, 40 No  Immediate after
nodule RFA injection
12 45 Female Recurrent Left operation 0.8 Voice change During ~ Minor complication Yes, 20 No Immediate after
MTC bed RFA injection
45 Female Recurrent Leftoperation 0.6 Voice change During  Minor complication Yes, 17 No  Immediate after
MTC bed RFA injection
13 26 Female Benign  Right thyroid 2.9 Voice change During ~ Minor complication Yes, 20 No Immediate after
nodule RFA injection
14 27 Female Recurrent Rightoperation 0.4 Voice change During ~ Minor complication Yes, 40 No  Immediate after
PTC bed RFA injection
27 Female Recurrent Leftoperation 0.4 Voice change During ~ Minor complication Yes, 15 Yes 1wk
PTC bed RFA
15 58 Female Recurrent Leftoperation 1.1 Voice change During Minor complication Yes, 100 Yes 2wk
PTC bed RFA
16 64 Female Recurrent Right level I 0.5 Voice change During Major complication Yes, 15 Yes 1mo
PTC RFA
17 47 Male Benign  Leftthyroid 3.1 Voice change During Major complication Yes, 260 Yes 50 day
nodule RFA
18 62 Female Benign  Left thyroid 3.6 Voice change Nextday Major complication No No 1mo
nodule
19 66 Female Recurrent Right level I 3.9 Spinal accessory Nextday Major complication No No 3mo
PTC nerve injury*
RFA, radiofrequency ablation; SIR, Society of Interventional Radiology; PTC, papillary thyroid carcinoma; MTC, medullary thyroid carcinoma.
*Spinal accessory nerve injury: limited arm elevation.
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291 RFA sessions in 242 patients
177 Benign nodules
65 Recurrent cancers

Nerve damage symptom
Total 21 sessions in 19 patients
Benign nodules: 8 sessions in § patients
Recurrent cancers: 13 sessions in 11 patients

:

Nerve damage symptom during RFA
19 Sessions in 17 patients

\4

5% DW injection was performed in all sessions

:

Nerve damage symptom in next day
2 Sessions in 2 patients

y

5% DW injection was not available

17 Sessions in 15 patients
Recovered immediately and completely

2 Sessions in 2 patients
Incomplete recovery

2 Sessions in 2 patients
No treatment

\4

v

Minor complications (6.5%")
Benign nodules: 6 sessions in 6 patients
Recurrent cancers: 13 sessions in 11 patients

Recurrent cancers: 2 sessions in 2 patients

Major complications (2.1%")
Benign nodules: 2 sessions in 2 patients

Fig. 2. Study flow diagram. There are four major complications, including three in the recurrent laryngeal nerves and one in the spinal ac-
cessory nerve. RFA, radiofrequency ablation; DW, dextrose water. *Session based percentage.

perienced nerve damage symptoms the day after two RFA ses-
sions. Cold 5% DW solution was injected into all patients with
nerve damage symptoms during RFA, but not in the two pa-
tients with symptoms the next day. The mean volume of cold
5% DW solution injected during the 19 sessions was 41 mL
(range, 3 to 260). Injection of cold 5% DW resulted in immedi-
ate recovery during 15 of the 19 sessions. The two patients with
delayed detection of nerve damage symptoms recovered after 1
and 3 months later. No patient experience permanent nerve
damage.

The left operation bed (6/21 sessions) was the most frequent
location of nerve damage, followed by the left thyroid gland
(5/21 sessions) and the right operation bed (5/21 sessions). The
injured nerves included the recurrent laryngeal nerve (n=19,
90%), the vagus nerve (n=1, 5%), and the spinal accessory
nerve (n=1, 5%). Of the 19 patients with suspected nerve dam-
age, 11 had recurrent cancers, and eight had benign nodules.

419 www.e-enm.org

DISCUSSION

This study demonstrated that patients with nerve damage during
RFA were managed successfully by injection of cold 5% DW.
Nineteen patients (7.9%) experienced nerve damage symptoms
(voice change or shoulder weakness) during 21 sessions (7.2%)
of RFA. Cold 5% DW was injected into 17 patients during 19
RFA sessions, with immediate complete recovery observed in
14 patients (82.4%) during 15 RFA sessions (78.9%). By con-
trast, the two patients who did not receive injections of cold 5%
DW recovered after 1 and 3 months. The immediate symptom
relief resulting from cold 5% DW injection may have been due
to its initial cooling of the damaged nerve and its reduction of
additional conductive heat transfer to the nerve. The injection of
cold 5% DW into peritumoral soft tissue may result in complete
treatment of thyroid masses during RFA, as it is effective in
treating thermal nerve damage.

A previous study, the first to assess the efficacy of cold 5%

Copyright © 2020 Korean Endocrine Society



5% DW Injection for RFA Induced Nerve Damage E n M

DW for treatment of thermal nerve damage, also found that this
solution provided rapid symptom relief [16]. Although that
study assessed the effectiveness of cold 5% DW injection, the
standardized method of injection was not evaluated. By con-
trast, the present study evaluated the injection of cold 5% DW
using a standardized technique [16]. Nerve symptoms were reg-
ularly evaluated during RFA, including voice changes, conjunc-
tival injection, ptosis, palpitations, and shoulder movement. Be-
cause immediate injection is important for the relief of thermal
nerve injury, cold 5% DW was prepared before RFA was start-
ed. As soon as any suspicious nerve symptom appeared, abla-
tion was stopped and cold 5% DW was injected at the site of
suspected nerve injury. Most injections were into the tracheo-
esophageal groove, because the most frequently involved nerve
was the recurrent laryngeal nerve (90%). The standardized in-
jection was effective in treating nerve damage. The mean vol-
ume of injected cold 5% DW was 41 mL, with an additional 10
to 20 mL [16] provided to the targeted site, as the injected fluid
spread along the muscle plane and was rapidly absorbed into the
surrounding space [21]. Strong compression of the RFA site af-
ter RFA is not recommended as it enhances conductive heat
transfer. Rather, we routinely performed applying smooth pres-
sure to the needle puncture site. Corticosteroids have been
shown to reduce perineural edema and inflammatory changes
after thyroid operations, because the recurrent laryngeal nerve
may be mechanically injured and cause dissection during thy-
roid operations [26,27]. Oral corticosteroids were therefore pre-
scribed to patients who did not recover from voice changes or
other nerve damage symptoms after cold 5% DW injection, but
not to patients who experienced immediate symptom relief after
injection of cold 5% DW.

US-guided RFA is an effective and safe treatment for benign
thyroid nodules and recurrent thyroid cancers [18,21]. Despite
its many advantages, this technique has several important com-
plications [2]. The most serious complication is thermal nerve
injury, as it may cause permanent sequelae after RFA, especially
voice changes [7,9]. Recurrent thyroid cancers are more diffi-
cult to ablate than benign thyroid nodules, because the former
are smaller and have no safety margins of normal thyroid tissue
[2,3]. The rate of nerve damage was higher in patients undergo-
ing RFA for recurrent thyroid cancer than for benign thyroid
nodules [7,9]. This study showed that injection of cold 5% DW
was effective for rapid improvement of nerve damage and that it
reduced the rate of permanent sequelae after RFA. Effective
control of nerve damage using cold 5% DW can result in higher
rates of safe and curative ablation for recurrent thyroid cancer.

Copyright © 2020 Korean Endocrine Society

Reduced rates of nerve damage and effective treatment of
nerve damage are important for successful ablation of thyroid
nodules. Nerve damage during RFA may be reduced by early
detection of symptoms and skilled injection of cold 5% DW. We
found that delayed detection of nerve damage may cause long
standing symptoms and permanent sequelae. For early detection
of nerve damage, we routinely performed repeated monitoring
of patient symptoms. The most common symptom of nerve
damage is voice change, usually caused by injury to the recur-
rent laryngeal and vagus nerves [3,7,9,13]. Anatomic determi-
nation of nerve structure is recommended for ablation near the
nerves and skilled injection of cold 5% DW. The recurrent la-
ryngeal nerve is usually located in the tracheoesophageal groove
and passes along the posteromedial sides of both thyroid glands
[13]. The vagus nerve is located within the carotid sheath, pass-
ing to the posterolateral side of the common carotid artery and
the posteromedial side of the internal jugular vein [14,15]. Ana-
tomic variations of the vagus nerve, including anterior, medial,
and posterior types, bring the nerve closer to the thyroid gland,
possibly increasing the risk of thermal nerve damage during
RFA [9]. Careful control of the electrode tip for ablation of tu-
mors near the tracheoesophageal groove and carotid sheath is
recommended, as is detailed understanding of the anatomic lo-
cations of perithyroidal structures.

This study had several limitations. First, complications and
side effects were evaluated symptomatically, based on subjec-
tive complaints by patients, not on objective and quantitative
criteria. The objective evaluation of symptoms such as voice
change during RFA is limited, because methods such as vocal
cord examination are difficult to perform during RFA. Evalua-
tion of the vocal cords on US may help to detect vocal cord pal-
sy, and can therefore be useful for evaluating symptom relief af-
ter cold DW injection. We will update our technique to incorpo-
rate US evaluation of the vocal cords. Second, RFA of thyroid
tumors was performed by three skilled technicians. Nerve dam-
age may be reduced by RFA being performed by more experi-
enced individuals with better understanding of perithyroidal an-
atomic structures. Third, the number of patients with nerve
damage was small, making it difficult to determine whether our
technique should be adapted as standard treatment. Large-sized
prospective studies are required to determine a standard treat-
ment strategy for patients experiencing thermal nerve injury
during RFA.

In conclusion, this study showed that injection of cold 5%
DW was effective in managing suspected nerve damage during
RFA. This technique is effective in controlling thermal damage
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to nerves, and may encourage curative ablation for recurrent
thyroid cancer.
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