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ABSTRACT ARTICLE HISTORY
Objective: The aim of this study was to introduce a management strategy for nerve damage occurring Received 18 September 2018
during radiofrequency ablation (RFA). Revised 21 November 2018

Methods: From January 2016 to October 2017, 17 patients who experienced the symptoms of nerve  Accepted 27 November 2018
damage during RFA were enrolled in this study. If damage to nerves was suspected during RFA, abla-  Published online 5 November

tion was stopped immediately, and a cold solution of 5% dextrose was injected directly into the space 2018

where the nerves were located until symptoms improved. Patients were followed up after the proce- KEYWORDS

dure until symptoms had resolved. The clinical data of patients who received a cold dextrose solution Thyroid nodule; recurrent
injection for nerve damage were compared with those who did not receive such an injection. thyroid cancer;
Results: Of 17 patients who experienced nerve damage, 12 received an injection of cold dextrose sol- ultrasonography; safety;

ution shortly after the emergence of symptoms. While resolution of symptoms was seen in all 17 catheter ablation;
patients, the mean time to recovery was significantly faster in the 12 patients who received treatment complication
with an injection of cold dextrose solution than in those patients who did not receive such a treat-

ment (p value = .041).

Conclusions: In the event of thermal damage to adjacent nerve structures during RFA, the direct

injection of a cold dextrose solution is a simple and effective treatment that can result in rapid symp-

tom resolution.

Introduction after RFA is higher in patients with recurrent thyroid cancers
because of the absence of a safety margin around the recur-
rent tumor [23]. Horner syndrome and drooping of the
shoulder are caused by thermal injury to the cervical sympa-
thetic ganglion and spinal accessary nerve, respectively [24].
Despite it being the most common and serious major com-
plication of RFA [22-24], no studies have reported a strategy
for the management of nerve damage. Therefore, the aim of
this study was to introduce an effective approach to the
management of nerve damage occurring during RFA.

Radiofrequency ablation (RFA) is a promising treatment
modality for benign thyroid nodules [1-8] and recurrent thy-
roid cancers [9-15]. In benign thyroid nodules, RFA effec-
tively ameliorates the symptoms and cosmetic problems by
reducing the thyroid nodule volume; reported reduction
rates are 33-58% at 1 month and 51-92% at 6 months [1-8].
According to a recent meta-analysis, the therapeutic success
rate of RFA for recurrent thyroid cancers is 100%, with a
serum thyroglobulin reduction of 71.6% [16]. By applying the
new moving shot technique instead of a fixed technique and  pMaterials and methods

using a small-sized electrode tip (0.5-1cm), RFA can be
safely applied to small organs such as the thyroid gland The institutional review boards of our hospital approved this
while avoiding damage to surrounding critical struc- retrospective case control study. Informed consent for RFA

tures [3,7,17,18]. was obtained from all patients prior to ablation. From
January 2016 to October 2017, 362 thyroid RFAs were per-
formed on 282 patients. Among these patients, 17 experi-
enced the symptoms of nerve damage during RFA and were
enrolled in this study.

RFA is associated with several complications, including
voice change, Horner syndrome, drooping of the shoulder,
nodule rupture, skin burns, hematoma formation, and transi-
ent hyperthyroidism [1,12,14,15,19-24]. Among the various
possible complications, damage to adjacent nerves is the
most serious [22-24]. Voice change is caused by thermal
damage to the recurrent laryngeal nerve, or infrequently to Prior to RFA, all nodules were pathologically confirmed as
the vagus nerve. Therefore, the incidence of voice change benign or malignant by fine-needle aspiration or core needle

RFA procedure
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Figure 1. A 25-year-old woman presented with a recurrent tumor in the left neck operation bed close to the esophagus and tracheoesophageal groove (a). Before
RFA, a hydrodissection technique was applied to obtain a safety margin from the esophagus and recurrent laryngeal nerve (b). An RF electrode with a 0.4 cm size
active tip was inserted into the recurrent tumor and the ablation was started (c). During ablation, the patient complained that her voice had changed. Ablation
was stopped immediately and a cold dextrose solution was injected directly around the ablated tumor (d). After injecting 15 ml of cold dextrose solution, the

patient’s voice completely improved (e).

biopsy [24-26]. Ultrasound-guided RFA was performed by
three faculty radiologists (J.H.B., JH.L, and YJ.C, with 24, 20,
and 9years of experience in thyroid ultrasound, respectively).
All ablations were performed with an RF generator (VIVA RF
generator, STARmed, Goyang, Korea, and M-2004, RF Medical,
Seoul, Korea) and 18-gauge thyroid-dedicated straight-type
internally cooled electrodes with a 0.4, 0.5, 0.7, or 1cm active
tip (VIVA, STARmed, and RFT-0710, RF Medical), depending on
the size of the nodule. For local anesthesia, the patients were
injected with 2% lidocaine at the skin puncture site and in the
perithyroidal soft tissue [27]. The trans-isthmic approach with
a moving shot technique was used under ultrasound guidance
[3,7,28]. To prevent complications during the procedure, care-
ful observation of the adjacent structures was made, including
nerves and blood vessels [29]. A hydrodissection technique
was applied if the nodule was located in close proximity to
critical structures [27]. Continuous injection of fluid and con-
stant monitoring of the relationship between the nerves and
tumor was required, as injected fluid gradually disappeared
along the muscle plane. If a patient complained of pain dur-
ing the ablation procedure, the RF power was reduced or
turned off for several seconds. The procedure was terminated
when the entire visualized area of the nodule became a transi-
ent hyperechoic zone. Complications occurring during and
after the procedure were evaluated by monitoring for the
appropriate clinical signs and symptoms. The patients were
discharged after 30 min of observation in the hospital.

Management of nerve damage during RFA

If the symptoms of nerve damage (such as voice change, pal-
pitations, Horner syndrome, shoulder movement problems,

or paresthesia) occurred during RFA, ablation was immedi-
ately stopped. Under the presumption that the nerve dam-
age was caused by thermal damage to the adjacent nerve
structures, a cold solution was injected directly into the
space in which the nerves were located. A 5% dextrose solu-
tion at 0° was used, as normal saline is an anionic fluid and
is therefore able to conduct electricity [30]. As the recurrent
laryngeal nerve cannot be clearly seen on ultrasound, voice
change was treated by injecting cold dextrose solution into
the tracheoesophageal groove (the anticipated location of
the recurrent laryngeal nerve) using a 22G spinal needle
connected to a 10 ml syringe. Injection of the solution con-
tinued until symptoms resolved (Figures 1 and 2). Patients
were followed up by telephone on the day after the proce-
dure; if the patient’s symptoms had not improved at this
point, follow-up calls were repeated regularly until the symp-
toms had resolved.

Statistical analysis

The clinical data and recovery times after nerve damage
were compared between those patients who received a cold
dextrose solution injection for nerve damage and those who
did not receive such an injection. Continuous variables are
presented as mean *standard deviation and are compared
between the two groups using independent t-tests. The stat-
istical significance of categorical variables was investigated
using chi-square statistics. All statistical analyses were per-
formed using commercially available software (PASW
Statistics, version 17; SPSS, Inc., Chicago, IL). A p values<.05
was considered statistically significant.
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Figure 2. A 55-year-old woman who presented with a large nodule in the left thyroid gland (a). Pre-ablation US evaluation revealed a medial type middle cervical
sympathetic ganglion located close to the thyroid nodule (b,c). An RF electrode with a 1cm size active tip was used for ablation (d). During ablation, ipsilateral con-
junctival injection was detected, which is one of the early symptoms of Horner syndrome. Ablation was stopped immediately and a cold dextrose solution was
injected directly into the perithyroidal area (e). After injection of 7 ml of cold dextrose solution, the patient’s symptoms had completely improved (e).

Results

The 17 patients who experienced symptoms of nerve dam-
age during RFA included 14 with voice change, one with
both palpitation and voice change, one with Horner syn-
drome, and one with paresthesia in the peri-auricular area.
These symptoms were caused by thermal damage to the
recurrent laryngeal nerve, vagus nerve, middle cervical sym-
pathetic ganglion, or greater auricular nerve, respectively
(Table 1). The mean age of the 17 patients was 45.8 years
(range, 15-90years), with there being 15 women and two
men. Six patients underwent RFA for a benign thyroid nod-
ule, ten for recurrent papillary thyroid cancer, and one for a
parathyroid lesion. All of the recurrent tumors were located
within the thyroid bed, with the exception of two cases
located in the right neck at levels 2 and 4. The mean recur-
rent tumor size was 0.7 cm (range, 0.4-2.2 cm), and the mean
size of the benign nodules was 3.5cm (range, 2.3-5.2cm). All
patients with recurrent tumors were treated using an RF
electrode with a 0.4 or 0.5cm active tip at a maximum
power of 5-10 W. Symptoms of nerve damage occurred dur-
ing RFA in 11 patients, while in the other six patients the
symptoms emerged after the procedure had been com-
pleted, with the time interval ranging from just after RFA to
1h post-RFA. Table 2 compares the clinical data between
patients who received a cold dextrose solution injection for
nerve damage and those who did not receive such an injec-
tion. The mean age of patients, the use of a hydrodissection
technique, and the recovery time from nerve damage were
significantly different between the two groups. Although all
17 patients recovered from their symptoms, the mean time
to recovery was significantly shorter in the 12 patients who
received an injection of cold dextrose solution, with 10 of

these patients making an almost immediate recovery during
the injection. The voice of one of the other two treated
patients improved just after the injection of the cold dex-
trose solution, but a voice change recurred when the patient
returned home. After 2 months, the patient’s voice had com-
pletely recovered. The remaining patient showed an
improvement in their voice during the injection, and com-
plete recovery was achieved within 2 days.

Discussion

In this study, we introduce a management strategy that can
be followed in the event of thermal damage to adjacent
nerves during RFA. To our knowledge, this is the first study
to describe a treatment approach for this clinical situation.
When nerve symptoms develop, we recommend the immedi-
ate injection of a cold dextrose solution directly into the
space in which the nerves are located. Of the 17 patients in
this study who experienced symptoms of nerve damage dur-
ing RFA, this approach was undertaken in 12. In these
patients, the symptoms improved significantly faster than in
those patients who did not receive a cold dextrose injection.
Thus, in the event of thermal damage to adjacent nerve
structures during RFA, direct injection of a cold dextrose sol-
ution is a simple, safe, and effective treatment that can result
in rapid symptom resolution.

Nerve damage is the most common and serious major
complication of RFA [22-24]. The recurrent laryngeal and
vagus nerves are most commonly affected, with damage to
the brachial plexus (n=1), cervical sympathetic ganglion
(n=1), and spinal accessory nerve (n=3) having also been
reported [22-24,31]. Nerve injury during RFA is thought to
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Table 2. Comparison of clinical data between patients who received a cold dextrose solution injection for nerve damage and those who

did not.
Patients who did not receive a cold Patients who received a cold dextrose
dextrose solution injection (n=15) solution injection (n=12) p Value
M:F 1:4 111 515
Age (year)a 63.6+17.0 (36-90) 38.3+24.5 (15-73) .027
Tumor (number) 102
Benign thyroid nodule 0 6
Recurrent cancer/Parathyroid lesion 5 6
Hydrodissection technique 5/5 (100%) 4/12 (33.3%) .029
Recovery time (day)a 54,6 +17.0 (3-90) 5.2+17.3 [0 (During inject)-60] .041
Steroid 3/5 (60%) 4/12 (33.3%) 593

Data are expressed as mean + standard deviation (range).

be primarily caused by thermal damage. In this study, all
cases of nerve damage during the treatment of benign thy-
roid nodules were attributed to recurrent laryngeal nerve
injury. The nerve damage that occurred during the treatment
of recurrent tumors varied, depending on the location of the
lesion, with damage occurring to the nerve adjacent to the
tumor in each case. For benign thyroid nodules, under-treat-
ment of the danger triangle using a moving shot technique
and trans-isthmic approach can minimize recurrent laryngeal
nerve injury [27]. By contrast, because recurrent tumors are
usually small and there is no safety margin of normal thyroid
parenchyma around the lesion, the incidence of nerve dam-
age is significantly higher than that seen in benign thyroid
nodules [23]. To minimize nerve damage during ablation of a
recurrent lesion, the use of a small active tip (0.4 cm) and the
maintenance of a safety margin through the use of a contin-
uous hydrodissection technique is recommended [23,27].
However, it is inevitable that injury will sometimes occur
when the course of the recurrent laryngeal nerve is subject
to anatomical change after surgery [32], and when hydrodis-
section cannot be used to dissect the nerve from the recur-
rent tumor because of the presence of adhesions [33]. It is,
therefore, important to have an appropriate management
strategy in place, so that nerve damage sequelae can
be minimized.

The five patients who did not receive an injection of cold
dextrose solution underwent RFA for recurrent cancer; thus
the patients’ ages were higher and the hydrodissection tech-
nique was more frequently used than in the patients who
received a cold dextrose solution. Because a hydrodissection
technique was used, we considered the safety margin from
adjacent critical structures to be sufficient to prevent dam-
age, and that the symptoms were caused by the injected
lidocaine, not by thermal damage. However, considering the
fact that the recovery time of the symptoms in those
patients was significantly slower, an injection of cold dex-
trose solution is recommended, regardless of the use of a
hydrodissection technique. If the symptoms of nerve damage
occur during RFA, the ablation should be stopped immedi-
ately, and cold water should be directly injected into the
space in which the nerves are located. In cases of suspected
recurrent laryngeal nerve damage during the treatment of
benign nodules, we recommend injection of cold dextrose
solution directly into the tracheoesophageal groove. The
injected fluid then spreads into the posterior aspect of the
perithyroidal area where the nerve is expected to pass. A
cold 5% dextrose solution is recommended for the injection

solution, as normal saline is an anionic fluid and is therefore
able to conduct electricity [27,30]. As a result of its iso-osmo-
larity (252 mOsmol/L) and nonionic composition, 5% dex-
trose does not conduct electricity, and therefore potentially
provides a thermal barrier when it surrounds the target
organ [27,30]. Furthermore, we recommend injecting an
additional 10-20 ml of fluid, even if the symptoms immedi-
ately resolve, because the injected fluid spreads to the sur-
rounding structures, rather than remaining at the injection
site [27]. We also suggest avoiding the exertion of any pres-
sure on the ablation area after the procedure, and to press
only lightly at the needle insertion area. This is recom-
mended because when the ablation area is compressed, the
heat remaining inside the ablated lesion is transmitted to
the surrounding structures and may cause additional thermal
damage. In addition, an oral corticosteroid can be adminis-
tered for approximately 1 month; some surgeons advise the
use of steroids during thyroid surgery to reduce postopera-
tive neural edema and promote recovery of nerve function
in cases of nerve paralysis [34,35]. In this way, rapid symp-
tom improvement can be expected when RFA-induced nerve
damage occurs. Furthermore, these treatment approaches
can be adopted for other thermal ablation techniques such
as laser ablation or microwave ablation. Voice change is the
most common major complication after laser ablation, with it
being reported in 0.5% of cases, and having a recovery time
varying from 2 to 84days [36-39]. Considering that nerve
damage after laser ablation or microwave ablation is also
caused by thermal damage to adjacent nerve structures,
injection of a cold dextrose solution may be effective in
reducing the recovery time.

The present study is subject to a number of limitations.
First, because there is no quantitative and objective method
of grading voice change, the degree of improvement was
determined according to the patient interview. As patients
are sensitive to changes in their voice, this was considered
to be a suitable approach for assessing abnormalities and
improvement. Secondly, as nerve damage is an uncommon
complication during RFA, the number of patients enrolled in
this study was small. Finally, a standard protocol for the
treatment of nerve damage has not yet been established,
and a larger prospective study evaluating further applications
of our proposed protocol is required.

In conclusion, we suggest a management strategy that
can be adopted in the event of thermal damage to adjacent
nerve structures during RFA. In the event of thermal damage
to adjacent nerve structures during RFA, direct injection of a
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cold dextrose solution is a simple and effective treatment
that can result in rapid symptom resolution.
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