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Abstract

Background The study investigated whether anesthesia performed during high-intensity-focused-ultrasound treat-
ment (HIFU) of benign thyroid nodules influenced the therapy outcome, based on volume reduction and the amount
of energy delivered.

Methods Thirty patients with benign thyroid nodules were treated with HIFU under general or regional anesthesia at
two centers from 2014 to 2019. During HIFU, a therapeutic ultrasound probe, EchoPulse (Teraclion, Malakoff,
France), heats the focus to 80-90 degrees Celsius. Nodal volumes were measured by ultrasound before and 3 months
after therapy. For statistical analysis, the total population was divided into two groups according to the anesthesia
performed. In a retrospective long-term multicenter study, volume reduction and the energy delivered were analyzed
using the Wilcoxon signed-rank test and the Mann—Whitney test.

Results At three months follow-up, the total study population had an average volume reduction of 39.26% (range
4.03-91.16%, p < 0.001, n = 30), the general anesthesia group of 47.46% (range 13.64-91.16%, p = 0.001, n = 15)
and the regional anesthesia group of 31.06% (range 4.03—68.63%, p = 0.001, n = 15). Under regional anesthesia a
median energy of 3.16 kJ/cm® (range: 0.96 — 8.2 kJ/cm®) and under general anesthesia a median energy of 0.88 kJ/
cm’ (range: 0.18 — 1.63 kJ/cm?) were delivered. All results were significant with p < 0.05. The complication rate was
6.67%.

Conclusion HIFU is an effective method to treat benign thyroid nodules. Comparing anesthesia methods, volume
reduction is higher in patients treated under general anesthesia and less energy has to be delivered under general
anesthesia.

Trial registration number 2020-1728-evBO.
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Introduction

There is a high prevalence of thyroid nodules, 50% in
females and 30% in males. [1, 2]. Most benign nodules do
not cause symptoms and can be easily diagnosed by
ultrasound [3-5].

Therapy is performed when symptoms (sensation of
pressure, dyspnea, thyrotoxicosis) or cosmetic impairment
occur. Typically, nodules are treated by surgical excision
or radioiodine therapy (RIT) [3, 5]. Potential side effects of
these therapies are hypothyroidism, infection, hemorrhage,
injury to the parathyroid gland and recurrent laryngeal
nerve due to surgical removal of the nodules, and
hypothyroidism due to RIT [6, 7]. RIT cannot be per-
formed on pregnant females or on females with a desire to
have children in the next few months [8]. Minimally
invasive thermal ablation such as microwave ablation
(MWA), radiofrequency ablation (RFA), laser and HIFU
offer an alternative to surgical excision and RIT and are
already used clinically. Among the minimally invasive
thermal ablation procedures, HIFU is the least invasive and
most precise [9]. In HIFU, a concave ultrasound probe is
used to focus the ultrasound beams. The tissue is heated up
to 85 degrees Celsius. The heat irreversibly causes coag-
ulation necrosis and the nodule atrophies [5, 9—12]. Since
HIFU does not penetrate the skin, it is more comfort-
able than traditional thyroid surgery and there is no risk of
infection. It is not only used in thyroid nodule therapy, but
also in prostate cancer, uterine fibroids, liver metastases,
and bone metastases. [13—-15] Studies have shown that
HIFU is a safe and effective procedure to treat benign
thyroid nodules [5, 9-12, 16, 17]. However, more evidence
is needed [1].

In the present study, the effects of two anesthetic pro-
cedures on nodule volume reduction and on required
energy delivery during HIFU were investigated in a mul-
ticenter study. The aim of the study is to compare volume
reduction under regional anesthesia and general anesthesia
in the treatment of benign thyroid nodules with HIFU and
to assess whether one of the anesthesia methods is
preferable during HIFU.

Materials and methods

Study design

The study is a retrospective analysis of data in an open-
label study.

Patients and baseline assessment

For patient characteristics see Table 1. Patients with
symptomatic benign thyroid nodules causing thyrotoxico-
sis, swallowing problems, pain, or hoarseness and non-
symptomatic benign thyroid nodules causing cosmetic
impairment were included in the study. Only patients who
refused surgery or RIT of the nodules or had contraindi-
cations to the same were included. Only proven nonma-
lignant nodules were included.

Patients with asymptomatic nodules, malignant nodules,
nodules with retrosternal growth, and nodules in proximity
to sensitive structures such as the trachea, esophagus, the
recurrent laryngeal nerve and the carotid artery were
excluded from the study. Patients with nerve anomalies
were excluded from the study.

Patients were assigned to anesthesia methods based on
the in-house guidelines of the center and patients’ prefer-
ences. Patients were treated with regional anesthesia at
Center 1 and predominantly under general anesthesia at
Center 2. There were no volume cut-offs of the nodules
that influenced group selection.

All patients underwent a pre-interventional calcitonin
measurement and thyroid hormone measurement. If nec-
essary, a fine-needle aspiration biopsy (FNAB) was done to
exclude malignancy. All nodules were also examined for
position, volume, and echogenicity by B-mode ultrasound
(Sonix Touch Ultrasound System, Ultrasonix Medical
Corporation, Richmond Canada) before and at regular
intervals after therapy.

A follow-up of the symptoms by means of a symptom
score was not performed due to too high subjectivity. Since
the volume reduction of the nodules is decisive for the
improvement of the patient’s symptoms and thus for the
success of the therapy, it was chosen as an objective fol-
low-up parameter. [9, 17, 18]. Previous studies have shown
that the greatest volume reduction occurs in the first
3 months after therapy [17]. Therefore, a follow-up period
of 3 months was chosen in the study. Furthermore, it was
investigated whether the amount of energy delivered per
cubic volume of the nodule differed at regional and general
anesthesia.

Treatment procedure and equipment

The nodules were treated with the EchoPulse device
(Teraclion, Malakoff, France). The device consists of two
ultrasound systems, a concave therapeutic head with
3 MHz and a diagnostic head with 7.5 — 12 MHz. The
approximately 4 s long pulse produces heat by the
absorption of acoustic energy and by converting it to
thermal energy. The focal point is heated to 80 — 90
degrees Celsius and irreversible coagulation necrosis
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Table 1 Baseline characteristics

General anesthesia

Regional anesthesia

Number of patients 15
Average age of patients
Median nodule volume

Sex of patients

Female 14
Male 1
Nodule morphology

Solid 10
Complex 5

Indication for therapy
Pressure symptoms

Autonomy

50 years (range 26-73)
6.65 ml (range 0.61-53 ml)

15
60 years (range 38-82)
3.76 ml (range 0.8-7.76 ml)

11
4

occurs, which is cleared by the immune system. The focal
point is about 2 x 9 ml in size. A total of 10 s are required
to heat 1 ml of the nodule [9-12].

The vessels supplying the nodule up to 3 mm are
coagulated. The large vessels surrounding the nerves and
vascular tracts remain intact and dissipate the heat gener-
ated. This is called a “heat sink” and protects vulnerable
structures.

A cooling kit is installed before therapy. Nodal volume
is measured by the Echopulse system. For regional anes-
thesia, 5 — 10 ml of Mecain 1% was applied subcuta-
neously to pericapsularly before therapy. General
anesthesia was performed with Propofol. Initially, a dosage
of approximately 1 mg/kgbw dependent on patient char-
acteristics was given intravenously as a bolus over 1 —
5 min. Sedation was maintained with continuous admin-
istration at approximately 4.5 mg/kgbw/h dependent on
patient characteristics.

The ultrasound probe is positioned on the hyperextended
neck of the patient lying on his back. The device auto-
matically creates a map of the tissue to be treated and the
sensitive structures to be protected. The map is created by
10-20 sagittal and transverse layers, called voxels. The
exact ablation zone of the nodule is determined by the
treating doctor based on the voxel map. The device auto-
matically selects a safety distance of 0.5 cm to the skin,
0.3 cm to the trachea and 0.2 cm to the carotid artery. In
addition, the attending doctor monitors the therapy process
with a diagnostic ultrasound head. Thus, the doctor can
intervene manually and readjust the device at any time if he
detects deviations or so-called heat bubbles which are an
indicator for too high a temperature.
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Statistical analysis

Because normal distribution of the data could not be
assumed, statistical analysis was performed with nonpara-
metric tests. Median pre-ablative volume reduction and
median volume reduction of the total population and of
both groups at three months were compared using the
Wilcoxon signed-rank test. The difference in volume
reduction at 3 months between the regional anesthesia
group and the general anesthesia group was compared
using the Mann—Whitney test. The amount of energy
delivered per cubic volume of the nodule during regional
and general anesthesia was compared using the Mann—
Whitney test. The results were considered significant with
p < 0.05.

Results

From 2014—2019, 30 patients (24 female and 6 male)
were included in the study. Fifteen patients were treated in
center 1 from 2014 to 2017, and 15 patients were treated in
center 2 from 2016 to 2019. The average age of the patients
was 55 years (26 to 82 years). Fifteen patients were treated
with general anesthesia (0 in center 1 and 15 in center 2).
Fifteen patients received regional anesthesia (15 in center 1
and 0O in center 2).

The median nodule volume before therapy was 4.2 ml
(range 0.61-53 ml). In patients under general anesthesia,
the median volume was 6.65 ml (range 0.61-53 ml). In
patients under regional anesthesia, the median volume was
3.76 ml (range 0.8-7.76 ml).
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As shown in Fig. 1, the total study population had an
average volume reduction of 39.26% (range 4.03-91.16%,
p < 0.001, n = 30) at three months follow-up.

The group treated with regional anesthesia had an
average volume reduction of 31.06% (range 4.03—68.63%,

p = 0.001, n = 15) at three months follow-up. The group
treated under general anesthesia had an average volume
reduction of 47.46% (range 13.64—91.16%, p = 0.001,
n = 15) at three months follow-up. Significant volume
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reduction was found with p < 0.05 in the Wilcoxon signed-
rank test in all three groups.

As shown in Fig. 2, the volume reduction after 3 months
of the group treated under regional anesthesia was signif-
icantly different compared to the group treated under
general anesthesia with p = 0.033 in the Mann—Whitney
test.

Under regional anesthesia a median energy of 3,16 kJ/
cm® (range: 0.96 — 8.2 kJ/cm’®) was delivered. Under
general anesthesia, a median energy of 0.88 kJ/cm® (range:
0.18-1.63 kJ/cm®) was delivered. The difference in energy
delivery per cubic volume of the nodule in general and
local anesthesia was significant with p < 0.0001 in the
Mann—Whitney test.

The overall complication rate was 6.67%. No complica-
tions occurred in patients treated with regional anesthesia.
Two patients treated with general anesthesia experienced
reversible complications. Two patients suffered from
recurrent laryngeal nerve paresis after therapy. In both
patients, the vocal cords were freely movable again after
2 months with speech therapy. No patient suffered from an
irreversible complication. The nodule sizes in these two
patients were 6.65 ml and 11 ml, and the amount of energy
delivered during therapy was 1.04 and 0.32 kJ/cm®.

Discussion

The study showed that volume reduction in the group of
patients treated under regional anesthesia differed signifi-
cantly from the group of patients treated under general
anesthesia. The average volume reduction was higher and
less energy had to be delivered under general anesthesia
than under regional anesthesia.

Different parameters during the intervention could
explain why volume reduction was higher under general
anesthesia despite less energy delivered during therapy.

During the therapeutic procedure, it is important to keep
the focal point stable at the ablation zone. If the grid shifts
due to movement, the device automatically stops the
intervention and only partially treated lesions with a small
ablation zone result. [19, 20] Due to the small ablation
zone, it is very difficult to accurately target and heat the
previous lesions again. If the patient is only locally anes-
thetized with regional anesthesia and moves, more
incompletely heated lesions occur. Under general anes-
thesia, the patient does not move and therefore the inter-
vention is less interrupted. Each ablation zone is heated
completely. As a result, the volume reduction after therapy
is greater in patients under general anesthesia and less
energy is used due to the shorter treatment time. Research
is already being conducted in relation to other organs to
develop motion compensation techniques. [19-21]
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The study indicates that in some cases, the intervention
was interrupted and readjusted due to pain or deviations on
the voxel map. However, no therapy was terminated early.
Suboptimal placed regional anesthesia may have an impact
on the patient’s pain tolerance and thus on therapy toler-
ance. The longer heat is applied, the larger the ablation
zone becomes. [12] If therapy is interrupted more fre-
quently due to pain, more incompletely heated lesions
result, and the ablation zone becomes smaller.

Whether the procedure can be performed under general
anesthesia has to be evaluated individually for each patient.
If regional anesthesia is chosen, it is important to minimize
movements. It may be helpful to position the patient as
comfortably as possible and to create a pleasant atmo-
sphere so that the patient tolerates prolonged
immobilization.

The group difference in pre-interventional nodal volume
originates from the fact that, for large nodules, general
anesthesia is more likely to be chosen than regional anes-
thesia. Since large nodules take longer to treat, the patient
would not be able to lie still long enough under regional
anesthesia.

More complications were observed in patients treated
under general anesthesia. Recurrent laryngeal nerve paresis
occurred but was reversible after speech therapy. Irre-
versible complications did not occur. The fact that more
complications occurred under general anesthesia may be
due to the patients’ inability to provide feedback about pain
or discomfort. With regional anesthesia, the patient can
alert the doctor and the doctor can stop and readjust the
procedure. Complications primarily involved the recurrent
laryngeal nerve rather than the other vulnerable structures,
such as the carotid artery and jugular vein. These struc-
tures, unlike the recurrent nerve, have a higher heat sink
and are therefore better protected [12]. In the recurrent
nerve, heat is not dissipated as well, causing it to be
damaged more quickly. The complications occurred in
large nodules, but not with greater amount of energy. Since
the nodules were large nodules, it is likely that they were
located near the nerve. Consideration should be given to
neuromonitoring of the recurrent nerve under general
anesthesia.

Other nodal characteristics that may have an impact on
the therapeutic outcome of HIFU is nodal morphology
[22, 23]. How nodal morphology affects volume reduction
after HIFU has to be systematically investigated.

The advantage of HIFU over other thermoablative pro-
cedures is that it does not penetrate the skin. Therefore,
there is no risk of infection and no scars are created. It does
not require puncturing the thyroid capsule, and there is no
risk of bleeding.

It was observed that patients complained of pain during
therapy of superficial nodules with MWA and RFA. [8, 10]
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In addition, HIFU can be used to treat small nodules more
precisely due to the small focus (approximately 2 by
9 mm) and less surrounding tissue is damaged. The pro-
cedure is also better suited to be repeated several times, for
example, in the case of large nodules.

Therefore, HIFU is an attractive alternative for benign
thyroid nodules.

Conclusion

When comparing the types of anesthesia, the study showed
that patients under general anesthesia had a higher volume
reduction than patients under regional anesthesia. In addi-
tion, less energy was delivered under general anesthesia
than under regional anesthesia. Therefore, after consider-
ation of individual patient factors, general anesthesia is
advantageous for HIFU of benign thyroid nodules. In the
follow-up, it is particularly important to observe the
recurrent laryngeal nerve.
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