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Protect the recurrent laryngeal nerves in US-
guided microwave ablation of thyroid nodules
at Zuckerkand| tubercle: a pilot study
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Abstract

Background To evaluate the safety and efficacy of US-guided microwave ablation in patients with thyroid nodules at
Zuckerkand| tubercle.

Methods 103 consecutive patients with thyroid nodules at Zuckerkand! tubercle (ZTTN) were enrolled in this study
from November 2017 to August 2021. Prior to the surgery or US-guided microwave ablation (MWA), preoperative
ultrasound visualization of the recurrent laryngeal nerve (RLN) and ZTTN was performed, the size and the position
relationship between them were observed. Patients were followed up at 1, 3, 6, and 12 months after MWA and the
volume reduction rates (VRR) of the thyroid nodules were analyzed.

Results All patients successfully had the RLN and ZTTN detected using ultrasound before surgery or ablation with

a detection rate of 100%. For the 103 patients, the majority of ZTTN grades were categorized as grade 2, with the
distance from the farthest outside of ZTTN to the outer edge of thyroid ranging between 6.0 and 10.0 mm. The
position relationship between ZTTN and RLN was predominantly type A in 98 cases, with type D observed in 5 cases.
After MWA, the median nodule volume had significantly decreased from 4.61 (2.34, 8.70) ml to 0.42 (0.15, 1.41) ml and
the VRR achieved 84.36+ 13.87% at 12 months. No nodules regrew throughout the 12-month follow-up period. Of the
11 patients experienced hoarseness due to RLN entrapment before ablation, 7 recovered immediately after separation
of the RLN and ZTTN during MWA, 2 recovered after one week, and the other 2 recovered after two months.

Conclusions The RLN is closely related to ZTTN and mainly located at the back of ZTTN. The RLN can be separated
from ZTTN by hydrodissection during MWA. US-guided MWA is a safe and effective treatment for ZTTN.
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Background

The incidence of thyroid nodules is on the rise annually,
and it is estimated that 20-76% of adults have one or more
thyroid nodules [1, 2]. With the development of image-
guided approaches for the treatment of thyroid nodules,
a growing number of patients and clinicians have favored
minimally invasive approaches, including percutane-
ous laser ablation (LA), radiofrequency ablation (RFA),
and Microwave ablation (MWA) in recent years [3-7].
MWaA is a new and important minimally invasive treat-
ment option that can be used to treat benign and malig-
nant tumors of the thyroid, breast, liver, and lung [8—12].
Numerous studies have demonstrated that MWA is a safe
and effective technique to reduce the volume of thyroid
nodules [5, 13]. MWA offers many advantages, such as a
larger ablation volume, higher ablation speed, less impact
on nearby blood vessels, and high specificity [14-17].
However, recurrent laryngeal nerve (RLN) injury is still
a prevalent complication, with neurological abnormali-
ties described in 1.0-9.1% of patients [17-19]. Moreover,
if the patient has thyroid nodules at the Zuckerkandl
tubercle (ZTTN), the RLN is at a higher risk of damage
as the ZTTN is located in close proximity to the RLN
(see Fig. 1). Injury to the RLN can lead to dysphagia and
vocal hoarseness, while bilateral RLN injury will result in
bilateral vocal cord paralysis and may even cause breath-
ing difficulties, which could be life-threatening. Thus, it
is worth researching ways to avoid RLN injury during
the MWA. In this context, we employed high-frequency
ultrasound (US) to preoperatively visualize the RLN
and to lower the risk of the RLN injury during MWA
for ZTTN. The purpose of our study was to evaluate the
safety and efficacy of US-guided MWA in patients with
ZTTN.

Thyroid

RLN
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Materials and methods

Patient population

From November 2017 to August 2021, 10 patients with
ZTTN combined with RLN invasion who were planning
to have a surgery were first included. Then 103 consecu-
tive patients with ZTTN were enrolled in this study. For
those 103 patients, the inclusion criteria were as follows:
(1) presence of ZTTN; (2) documented pressure symp-
toms and/or aesthetic issues; (3) confirmation of benign
thyroid nodules with two separate fine-needle aspirations
(ENA) cytology; (4) routine blood work, blood biochem-
istry, coagulation function, and serum thyroid hormone
and thyrotropin levels within the normal ranges; (5)
normal movement of bilateral vocal cords confirmed by
preoperative trans-laryngeal ultrasonography; and (6)
patients refusal of surgery and choice of MWA treatment.
The exclusion criteria were: (1) pregnancy, profound
coagulopathy, and severe systemic diseases that contrain-
dicated ablation treatment.; (2) previous thyroid, parathy-
roid, or neck dissection surgery or MWA treatment; and
(3) thyroid nodules that were difficult to monitor during
MWA, such as retrosternal thyroid nodules. Informed
consent was obtained from all patients, and the Medical
Ethics Committee approved this study at Sichuan Cancer
Hospital and Institute (SCCHEC-03-2017-008).

Voice evaluation

Two laryngologists evaluated the voice using the GRBAS
scale. This perceptual rating scale considers various
factors, such as overall grade, roughness, breathiness,
asthenia, and strain of the voice. The listeners assessed
the speech samples based on overall quality, roughness,
and breathiness, and rated each one on a scale of 0 (nor-
mal), 1 (mild), 2 (moderate), and 3 (severe). The ratings

Zuckerkandl tubercle

RLN

Fig. 1 (A) Recurrent laryngeal nerve (RLN) anatomy and (B) the relationship of Zuckerkand| tubercle with the RLN
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from both listeners were averaged to determine the final
values.

US-guided MWA procedure

The US-guided MWA procedure for thyroid nodules was
performed by radiologists with over three years of experi-
ence in MWA. The KY-2000 MWA instrument (Kangyou
Medical, Nanjing, China), whose generator can gener-
ate power of up to 1-100 W at 2450 MHz, was used to
administer microwave energy. Ultrasound and Contrast-
Enhanced Ultrasound (CEUS) were performed using
Philips EPIQ7 (Philips Healthcare, Bothell, WA, USA)
ultrasonic diagnostic instrument with a 5-12 MHz linear
matrix transducer.

The patient was placed in a supine position with the
neck fully exposed and given local anesthetic at the punc-
ture site. The thyroid and subcutaneous tissues were dis-
sected using 10 ml of 2% lidocaine. Under US guidance,
a physiological saline solution was administered to cre-
ate a liquid barrier between the thyroid capsule and
adjacent critical structures to prevent thermal injury
(Fig. 2). Under US guidance, a physiological saline solu-
tion was administered to create a liquid barrier between
the thyroid capsule and adjacent critical structures to
prevent thermal injury. At this point, the RLNs were
clearly visible, identified as hypoechoic oval shapes with
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surrounding hyperechoic tissue using color Doppler
mode, which distinguishes them from microscopic blood
arteries. The RLN was tracked upwards to its entry point
in the laryngeal area and then downwards to the supra-
clavicular area. The width and thickness of the RLN, as
well as the distance between the RLN and ZTTN, were
measured and recorded. Additionally, the height of
ZTTN was recorded, which is defined as the distance
from the farthest outside of the ZTTN to the outer edge
of the thyroid. Based on its height, ZTTN was classified
into four categories: 0 (unrecognizable), 1 (ZTTN height
not more than 5.0 mm), 2 (ZTTN height between 6.0
and 10.0 mm) and 3 (ZTTN height exceeding 10.0 mm)
[20]. The position relationship between ZTTN and RLN
was classified into four types: Type A (RLN located at
the back of ZTTN), Type B (RLN located at the front of
ZTTN), Type C (RLN passes through the substance of
ZTTN) and Type D (RLN located at the side of ZTTN)
[21].

Then, an ablation antenna was positioned under US
guidance through a small 2 mm incision of the skin at
the percutaneous site. The power output of the 30 W
moving shot technique, leverage, and pry-off method
was applied during MWA. If cystic components were
detected, fluid was aspirated with a fine needle, and the
capsule was rinsed repeatedly with physiological saline

Fig. 2 Administration of physiological saline solution between the thyroid capsule and the RLN. (A) Long axial section showing RLN (asterisk); (B) Short
axial section showing the RLN (asterisk); (C) Three-dimensional ultrasound imaging showing numerous small branches of the RLN (asterisk) (white arrow)
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solution before ablation. Then ablation was terminated
when the hyperechoic zone completely covered all the
treated portion of the thyroid nodule. The patient’s voice
and vocal cords were monitored during the operation,
and the operation was stopped if dysphonia or vocal cord
hemiplegia occurred.

CEUS was conducted about 30 min after MWA to
avoid steam interference. SonoVue (Bracco Suisse SA,
Italy) was used as the ultrasound contrast agent. It was
dissolved in 5 ml of saline before being immediately
injected as a bolus into the antecubital vein, followed by
a 5 ml saline flush. If the CEUS revealed no enhancement
in the nodules in numerous orientations and slices, it
proved that the thyroid nodules were completely ablated.

Follow-up evaluation

After the ablation procedure above, all patients under-
went laryngeal ultrasonography within 30 min, and
those who exhibited aberrant vocal cord activity were
suspected to have RLN injury. Maximal nodule diam-
eters and nodule volumes were measured at 1, 3, 6, and
12 months post-ablation. Clinical outcomes were moni-
tored, including percentage reduction in volume, GRBAS
scale, and sequelae. The volume reduction ratio (VRR)
was calculated using the following formula: VRR = (initial
volume-final volume)x100/initial volume.

Surgical procedure for patients with RLN invasion

During this study, 10 patients were identified with ZTTN
combined with RLN invasion on preoperative ultra-
sound, and pathological examination confirmed that they
had papillary thyroid carcinoma. All patients underwent
total thyroidectomy and standard central lymph node
dissection, and those with lateral cervical lymph node
metastasis underwent neck lymph node dissection. For
cases where the tumor slightly invaded or adhered to
the RLN, the RLN was carefully peeled off with a surgi-
cal magnifying glass. However, when vocal cord paraly-
sis (VCP) was present before surgery, or when there was
extensive infiltration, nerves were usually sacrificed. In
such cases, intraoperative nerve monitoring (I(ONM) was
performed. It should also be noted that when bilateral
RLN injury was confirmed, tracheotomy was typically
performed during the operation.

Statistical analysis

SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis. The mean*standard deviation (SD) was
used to characterize measurement data, including nod-
ule size, patient age, the GRBAS scale, and the width and
thickness of the RLN. Medians and quartiles were used to
describe nodule volume. The non-parametric Wilcoxon
signed-rank test was applied for pairwise comparison
between pre-ablation and post-ablation nodule volumes
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at each follow-up time point. Statistical significance was
defined as p<0.05.

Results

Ultrasound observation confirmation on patients with RLN

invasion

In this study, 10 patients with RLN invasion were
included. During the operation, 6 patients were found to
have adhesion between the RLNs and ZTTN, while the
RLNSs of the other 4 patients were directly invaded by the
tumor. Among these ten patients, 3 had a ZTTN grade of
1, 6 had a grade of 2, and 1 had a grade of 3. The relation-
ship between the recurrent laryngeal nerve and ZTTN
was type A in 8 cases and type D in 2 cases. The results of
ZTTN grading were consistent with the findings of RLN
and ZTTN during the operation (Fig. 3).

Clinical characteristics of the study population with
US-guided MWA

A total of 103 patients with ZTTN underwent US-
guided MWA (see Fig. 4). All patients had ZTTN that
were closely related to the RLN based on preoperative
ultrasound evaluation. The baseline characteristics of
the thyroid nodules are summarized in Table 1. Of the
103 patients, 11 were male and 92 were female, with
ages ranging from 19 to 80 years (mean age: 43.7+12.4
years). The mean diameter and mean volume of ZTTN
were 27.6018.91 mm and 6.23+£5.82 ml, respectively.
For the fluid component assessment, 24 (23.3%) nod-
ules were solid (£10% fluid component), 55 (53.4%) were
predominantly solid (11-50% fluid component), and 24
(23.3%) were predominantly cystic nodules (51-90% fluid
component).

Ultrasound visualization results of RLN and ZTTN

All patients successfully had the RLN detected before
ablation with a detection rate of 100%. The position rela-
tionship between ZTTN and RLN could also be clearly
seen. Among them, 76 patients had RLN that can be
separated from ZTTN, while 27 patients found partial
adhesion between RLN and ZTTN. During MWA, RLN
were separated from ZTTN after hydrodissection with a
distance greater than 5 mm in 99 patients. The remain-
ing 4 patients had severe adhesion where hydrodissec-
tion could not completely separate the RLN and ZTTN
and required a needle to be used for separation under
ultrasound guidance. The width and thickness of the
RLN before ablation were found as 2.768+0.399 mm and
2.510+0.349 mm, respectively (see Table 2).

It was found that ZTTN grade 2 was the most prevalent
in this study, followed by ZTTN grade 3 with 31 patients
and ZTTN grade 1 with only 3 patients. The majority of
cases (98) had a type A relationship between ZTTN and
RLN, while only 5 cases were type D. Specifically, when
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Fig. 3 A 26-year-old male patient with tubercle of Zuckerkandl combined with thyroid nodules (ZTTN, white arrow) in the right lobe underwent un-
derwent total thyroidectomy and standard central lymph node dissection. The pathological results of the patient confirmed that were papillary thyroid
carcinoma. (A) The distance from the farthest outside of ZTTN (white arrow) to the outer edge of thyroid is 6.0 mm (ZTTN grade 2). (B) The recurrent laryn-
geal nerve (RLN, asterisk) is located at the back of ZTTN (white arrow) and the relationship between ZTTN and RLN is Type A. (C) The ZTTN (white arrow)
invade the RLN(asterisk) and the boundary between ZTTN and RLN is unclear. (D) Gross specimen of right lobe of thyroid gland and ZTTN (white arrow).
(E) Intraoperative findings demonstrated the RLN (asterisk) is located at the back of ZTTN (white arrow) and the ZTTN invade the RLN. (F) The separated
RLN (asterisk) is very fine after right thyroidectomy

ZTTN was grade 1, the relationship between ZTTN
and RLN was 33.3% type A, 0% type B, 0% type C and
66.7% type D. When ZTTN was grade 2, the relationship
between ZTTN and RLN was 97.1% type A, 0% type B,
0% type C, and 2.9% type D. For ZTTN grade 3, 96.8% of
cases had a type A relationship between ZTTN and RLN,
0% had type B, 0% had type C, and 3.2% had type D (see
Table 3).

Efficacy

All the ZTTNs were ablated successfully in this study
(see two cases in Figs. 5 and 6). Patients were monitored
for 12 months after undergoing MWA. The nodule vol-
umes and VRR at each follow-up point are presented
in Table 4. The median nodule volume had signifi-
cantly decreased from 4.61 (2.34, 8.70) ml to 0.42 (0.15,
1.41) ml at 12months after ablation (P<0.001). The
VRR after MWA was 46.09+£25.82% after one month,
64.22+22.37% after three months, 75.72+18.12% after
six months, and 84.36+13.87% after 12 months. No nod-
ules regrew throughout the 12-month follow-up period.
Figure 7 illustrates the nodule volume and VRR at each
follow-up stage following MWA.

Safety

There were no indications of ongoing bleeding, infection,
recurrent laryngeal nerve injury, parathyroid gland injury,
or skin scald observed in any of the patients. Additionally,
none of the patients experienced dyspnea, hemorrhages/
hematomas, infections, or skin scorching at the puncture
sites following MWA. Moreover, laryngeal ultrasonog-
raphy showed normal vocal fold mobility for all patients
pre- and post-MWA. Before MWA, the overall grade,
roughness, and breathiness of the voice were moderate in
4 patients and mild in 7 patients. Eight patients experi-
enced hoarseness after MWA. Half an hour after MWA,
the overall grade, roughness, and breathiness of the voice
were normal in 4 patients, while 2 patients were normal
one week after MWA and 2 patients were normal two
months after MWA.

Discussion

To our knowledge, this is the first study that utilizes ultra-
sound to visualize RLN and ZTTN, and to lower the risk
of RLN injury during MWA. Zuckerkandl’s tubercle (ZT)
is a protuberance that arises from the posterior border
of thyroid lobes and was first described by Emil Zucker-
kandl in 1902 [22-24]. The RLN is located posterior
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Fig. 4 Different types of ZTTN. (A) shows the ZTTN grade 0 (unrecognizable) in the short-axis section of thyroid. (B) shows that solid ZTTN (white arrow)
in the short-axis section with the distance from the farthest outside of ZTTNs (white arrow) to the outer edge of the thyroid not exceeding 5.0 mm (ZTTN
grade 1). (C) shows that the location of cystic-solid ZTTN (white arrow) in the short-axis section with the distance from the farthest outside of the ZTTNs
(white arrow) to the outer edge of thyroid being 7.0 mm (ZTTN grade 2). (D) shows that the location of solid ZTTN (white arrow) in long-axis section with
the distance from the farthest outside of the ZTTNs (white arrow) to the outer edge of thyroid exceeding 10.0 mm (ZTTN grade 3)

Table 1 Baseline characteristics of patients with ZTTN

Table 3 ZTTN grade and the relationship between ZTTN and

Patients n=103 RLN
Age(years) 43.7+124[19-80] ZTTN grade The relationship between ZTTN and RLN
Sex typeA type B type C type D
Male 1 0 0 0 0 0
Female 92 1 1 0 0 2
ZTTN 2 67 0 0 2
Mean diameter 2760£891 mm 3 30 0 0 1
Mean volume 6.23£5.82ml
Nodule composition to the ZT at the point where it enters the larynx [25].
Solid n=24 When ZT is combined with thyroid nodules, known as
Mixed n=>s3 ZTTN, the proximity of the thyroid nodules to the RLN
Ma?n‘y cystic n=24 increases, making it a challenging and risky procedure to
Location ablate the thyroid nodules.
L?ft lobe n=36 In this study, we employed high-frequency ultrasound
Right lobe n=67

Table 2 The measurements of parameters associated with RLN

Mean =SD(mm) Range
The width of the RLN 2.768+0.399 2.1-3.7
The thickness of the RLN 2.510+0.349 2.0-3.0

to visualize the RLN and ZTTN prior to ablation. In
high-frequency ultrasound imaging, the RLN appears
as a honeycomb or reticular pattern, with roughly 2 to 8
hypoechoic rounded fascicles surrounded by hyperechoic
epineurium. The nerve interior displays a striated pat-
tern with several parallel echogenic lines on longitudinal
scans. However, detecting tiny nerves using ultrasound
can be challenging due to the intricacy of distinguishing
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Fig. 5 A 45-year-old female patient with nodular goiter in the left lobe of the thyroid underwent US-guided MWA. (A) The relationship between the
RLN (asterisk) and the ZTTN (white arrow). The distance from the farthest outside of ZTTNs (white arrow) to the outer edge of thyroid is 4.0 mm (ZTTN
grade 1). The RLN (asterisk) is located at the side of ZTTN (white arrow), and the relationship between ZTTN and RLN is Type D. (B) shows the relationship
between the ZTTN (white arrow) with the RLN (asterisk) in the long axial section after the hydrodissection. (C) After the physiological saline solution was
injected, the distance between the RLN and ZTTN significantly widened in the short-axis section. (D) The ablation antenna (double short white arrow) was
placed inside the ZTTN (white arrow), and the injection needle (long white arrow) was placed between the ZTTN (white arrow) and RLN (asterisk). During
the microwave ablation, the physiological saline solution could be continuously injected between the ZTTN (white arrow) and RLN (asterisk) to protect
the RLN. (E) After MWA, the contrast-enhanced ultrasonography showed no enhancement in arterial and venous phase of ZTTN (white arrow), but high
enhancement in RLN (asterisk), suggesting that RLN was not damaged during ablation

minute anatomical characteristics, and this may depend
on the operator and involve a longer learning curve
[26-29]. Nevertheless, the liquid contrast of the bar-
rier between the RLN and ZT during US-guided MWA
procedure made it easier to identify the RLN. He et al.
reported that the RLN had a thickness of 1.8 to 2.5 mm
and a breadth that varied from 2 to 2.7 mm [30]. In our
study, we found that the RLN had a thickness of about
2.510+0.349 mm and a width of about 2.768+0.399 mm.
Additionally, we observed that the majority of ZTTN
grades were categorized as grade 2, with the distance
from the farthest outside of ZTTN to the outer edge of
thyroid ranging between 6.0 and 10.0 mm. Furthermore,
the position relationship between ZTTN and RLN was
mainly classified as type A, where the RLN is situated at
the back of ZTTN. These results are consistent with pre-
vious studies that have confirmed most RLN run poste-
rior and medial to the ZT [23, 31-33]. In this content,
even if the nodule is small, it is easy to cause RLN jam-
ming or adhesion. Indeed, the pre-ablation visualization

of RLN and ZTTN is crucially important given the
potential risks associated with injury to the RLN during
ablation.

In total, we included 113 ZTTNs in this study. We have
successfully visualized all of them and the related RLNs
using ultrasound. The information, including the size,
shape and the position relationship between the ZTTN
and RLN, which have been confirmed on 10 patients
with RLN invasion in their surgery, guided the ablation
process. Given the ZT’s unique anatomical structure,
even small ZTTN can easily adhere to the RLN due to
inflammation and other reasons. Therefore, separating
nerve adhesions with physiological saline during abla-
tion can be an effective method. Guo et al. demonstrated
that ultrasound-guided corticosteroid injection is also
a valuable approach to treating carpal tunnel syndrome
[34]. Our study confirmed that the adherent RLN could
be separated by physiological saline with a 100% suc-
cess rate. Before ablation, 99 ZTTNs were separated
from RLNs after hydrodissection, while the remaining 4
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Fig. 6 A 50-year-old female patient with ZTTN (white arrow) in the right lobe underwent US-guided MWA. The surgeon was on the side of the patient’s
head during the procedure. (A) Two ZTTNs (white arrow) were closely related to the RLN (asterisk) in the short axial section. The distance from the far-
thest outside of ZTTNs (white arrow) to the outer edge of thyroid is 5.0 mm (ZTTN grade 2). (B) In the long axial section, one of the ZTTN (white arrow)
was observed closely related to the RLN (asterisk). The RLN (asterisk) was located at the back of the ZTTN (white arrow), and the relationship between
ZTTN and RLN was Type A. (C) The contrast-enhanced ultrasound showed high enhancement of ZTTN (white arrow) and RLN (asterisk). (D) After the
hydrodissection began, the ZTTN (white arrow) could be seen to separate from the RLN (asterisk). (E) To ablate the superficial ZTTN, the injection needle
(long white arrow) was placed between the ZTTN (white arrow) and the RLN (asterisk). (F) After continuous injection of physiological saline solution, the
distance between the RLN (asterisk) and ZTTN (white arrow) was significantly widened. (G) The ablation antenna (double white arrows) was inserted into
the superficial ZTTN (white arrow). (H-) During MWA, the ablation antenna (double white arrows) was tilted upward to increase the distance between
ZTTN and the RLN (asterisk). (J) Contrast-enhanced ultrasound after MWA showed that the ZTTN (white arrow) was not enhanced, indicating that the
ZTTN was completely ablated. The RLN (asterisk) was highly enhanced, and the patient’s voice did not change significantly after MWA, indicating that the
patient’s RLN was not damaged during MWA

Table 4 Changes in nodule volume and reduction rate after MWA at each follow-up point

Time Volume VRR P
Median Range Percentiles Mean +SD(%/) Range
25 75
Baseline 4.61 0.11-31.23 2.34 8.70 / / /
1 month 2.14 0.08-14.44 0.89 397 46.09+25.82 2.03-95.43 P<0.001
3 months 141 0.03-11.05 0.41 292 64.22+£22.37 13.45-96.72 P<0.001
6 months 0.88 0.01-10.55 0.25 227 75.72+£18.12 27.40-99.32 P<0.001
12 months 042 001-7.14 0.15 141 84.36+13.87 41.67-99.39 P<0.001

required a needle to be used under ultrasound guidance
due to severe adhesion. After water isolation, the dis-
tance between RLN and ZTTN significantly increased
to approximately 2-6 mm. To prevent nerve damage, it is
essential to maintain a distance of at least 5 mm through
real-time dynamic ultrasound observation during

ablation, as suggested by numerous researchers [18, 35—
38]. There are also studies showing that leverage pry-off
method is a simple and effective method for preventing
thermal injury complications during MWA of benign thy-
roid nodules [39]. During the MWA, we have combined
above two methods to prevent thermal damage. This
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Fig. 7 The changes in nodule volumes and the volume reduction rate after MWA were assessed at each follow-up period

involved injecting physiological saline solution, utilizing
the leverage pry-off method to elevate the nodule, and
increasing the distance between the RLN and the nod-
ule. Simultaneously, the nodule was successfully ablated.
Meanwhile, as the anatomy of the RLN varies, with some
nerves being thin and others having branches, it is crucial
to always identify the course of the RLN and pay atten-
tion to the thick branches that may adhere to nodules
and potentially result in nerve damage after ablation.

As a result, the study successfully ablated all ZT TN,
with patients being monitored for 12 months follow-
ing MWA. The median nodule volume significantly
decreased from 4.61 ml to 0.42 ml at 12 months after
ablation, and the VRR increased over time, reaching
84.36% after 12 months. No nodules regrew during the
12-month follow-up period. The safety of this procedure
was confirmed as well, with no complications reported.
In addition, 11 patients experienced hoarseness due
to RLN entrapment before ablation, but the voice of 7
patients recovered immediately after separation of the
RLN and ZTTN during MWA. After MWA, two of the
remaining four patients recovered to normal after one
week, while the remaining two patients recovered after
two months.

The present study is subject to some limitations. First,
it is a small, single-center study that only includes benign
nodules. Second, it still requires a long learning curve
to distinguish the RLN. Therefore, a larger, multicenter
study with prospective evaluation is necessary in the
future to validate these findings.

In conclusion, the RLN is closely related to ZTTN and
mainly located at the back of it. Hydrodissection during

MWA can separate the RLN from ZTTN. US-guided
MWaA is a safe and efficient treatment for ZTTN. Accu-
rate identification of the RLN during MWA is crucial to
protect the nerve and prevent nerve damage.

Abbreviations

CEUS  Contrast-Enhanced Ultrasound

FNA Fine-needle aspirations

LA Laser ablation

MWA  Microwave ablation

RFA Radiofrequency ablation

RLN Recurrent laryngeal nerve

us Ultrasound

VRR Volume reduction rates

ZTTN  Thyroid nodules at Zuckerkandl tubercle

Acknowledgements
N/A.

Author contributions

ZYH: Conception and design of study, writing original draft, and data
analysis.M.L. prepared Figs. 1, 2, 3,4, 5,6 and 7, Data review and interpretation,
editing final draft, supervision. All authors(Ziyue Hu, Lu Wang, Man Lu,Wei
Yang, Xiaobo Wu, Jinshun Xu, Min Zhuang, Shishi Wang ) reviewed and
approved the article.

Funding
This study was funded by Chengdu Municipal Bureau of Science and
Technology (grant number ZX2018015 to M.L)).

Data availability
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Our research involved human participants. The study was approved by the
Medical Ethics Committee of the Sichuan Cancer Hospital and Institute



Hu et al. BMC Cancer

(2024) 24:271

(SCCHEC-03-2017-008) and Written informed consent was obtained from all
study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 August 2023 / Accepted: 18 February 2024
Published online: 26 February 2024

References

1.

Gharib H, Papini E, Paschke R, et al. AACE/AME/ETA Task Force on Thyroid
Nodules. American Association of Clinical Endocrinologists, Associazione
Medici Endocrinologi, and European Thyroid Association medical guide-
lines for clinical practice for the diagnosis and management of thyroid
nodules: executive summary of recommendations. J Endocrinol Invest.
2010;33(5):287-91. Epub 2010 May 17. PMID: 20479572.

Sung H, Ferlay J, Siegel RL et al. Global cancer statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2021;71(3):209-249. https://doi.org/10.3322/caac.21660.
Epub 2021 Feb 4. PMID: 33538338.

Kovatcheva RD, Vlahov JD, Stoinov Ji, et al. Benign solid thyroid nodules: US-
guided high-intensity focused Ultrasound ablation-initial clinical outcomes.
Radiology. 2015,276(2):597-605. https://doi.org/10.1148/radiol.15141492.
Epub 2015 Mar 13. PMID: 25768327.

Valcavi R, Riganti F, Bertani A, et al. Percutaneous laser ablation of cold
benign thyroid nodules: a 3-year follow-up study in 122 patients. Thyroid.
2010,20(11):1253-61. https://doi.org/10.1089/thy.2010.0189. Epub 2010 Oct
7. PMID: 20929405.

Yue W, Wang S, Wang B, et al. Ultrasound guided percutaneous micro-

wave ablation of benign thyroid nodules: safety and imaging follow-up

in 222 patients. Eur J Radiol. 2013;82(1):e11-6. https://doi.org/10.1016/j.
ejrad.2012.07.020. Epub 2012 Aug 30. PMID: 22940229.

Sung JY, Kim YS, Choi H et al. Optimum first-line treatment technique for
benign cystic thyroid nodules: ethanol ablation or radiofrequency abla-
tion? AJR Am J Roentgenol. 2011;196(2):W210-4. https://doi.org/10.2214/
AJR.10.5172. PMID: 21257865.

Wong KP, Lang BH. Use of radiofrequency ablation in benign thyroid nodules:
a literature review and updates. Int J Endocrinol. 2013;2013:428363. https.//
doi.org/10.1155/2013/428363. Epub 2013 Nov 3. PMID: 24298282; PMCID:
PMC3835846.

Liang P Wang Y, Yu X, et al. Malignant liver tumors: treatment with percutane-
ous microwave ablation-complications among cohort of 1136 patients.
Radiology. 2009;251(3):933-40. https://doi.org/10.1148/radiol.2513081740.
Epub 2009 Mar 20. PMID: 19304921.

Liang P Wang Y, Zhang D, Yu X, Gao Y, Ni X. Ultrasound guided percutane-
ous microwave ablation for small renal cancer: initial experience. J Urol.
2008;180(3):844-8. https://doi.org/10.1016/},juro.2008.05.012. discussion 848.
Wolf FJ, Grand DJ, Machan JT, et al. Microwave ablation of lung malig-
nancies: effectiveness, CT findings, and safety in 50 patients. Radiology.
2008;247(3):871-9. https://doi.org/10.1148/radiol.2473070996. Epub 2008
Mar 27. PMID: 18372457.

Zhou W, Zha X, Liu X, et al. US-guided percutaneous microwave coagula-
tion of small breast cancers: a clinical study. Radiology. 2012,263(2):364-73.
https://doi.org/10.1148/radiol.12111901. Epub 2012 Mar 21. PMID: 22438362.
Aubry S, Dubut J, Nueffer JP, et al. Prospective 1-year follow-up pilot study
of CT-guided microwave ablation in the treatment of bone and soft-tissue
malignant tumours. Eur Radiol. 2017;27(4):1477-85. https://doi.org/10.1007/
500330-016-4528-7. Epub 2016 Aug 23. PMID: 27553929.

Teng D, Sui G, Liu G, et al. Long-term efficacy of ultrasound-guided low
power microwave ablation for the treatment of primary papillary thyroid
microcarcinoma: a 3-year follow-up study. J Cancer Res Clin Oncol.
2018;144(4):771-9. https://doi.org/10.1007/500432-018-2607-7. Epub 2018
Feb 9. PMID: 29427209.

Li J, LiuY, Liu J, Qian L. Ultrasound-guided percutaneous microwave ablation
versus surgery for papillary thyroid microcarcinoma. Int J Hyperthermia.
2018;34(5):653-659. https://doi.org/10.1080/02656736.2018.1453092. Epub
2018 Apr 11. PMID: 29637797.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

Page 10 of 11

Cheng Z,CheY, Yu S. US-guided percutaneous radiofrequency versus micro-
wave ablation for benign thyroid nodules: a prospective multicenter study.
Sci Rep. 2017;7(1):9554. https://doi.org/10.1038/541598-017-09930-7. PMID:
28842651; PMCID: PMC5573330.

Teng D, Sui G, Liu C, Wang Y, Xia Y, Wang H. Long-term efficacy of ultrasound-
guided low power microwave ablation for the treatment of primary papillary
thyroid microcarcinoma: a 3-year follow-up study. J Cancer Res Clin Oncol.
2018;144(4):771-9. https://doi.org/10.1007/500432-018-2607-7. Epub 2018
Feb 9. PMID: 29427209.

Feng B, Liang P, Cheng Z,Yu X, Yu J, Han Z, Liu F. Ultrasound-guided percu-
taneous microwave ablation of benign thyroid nodules: experimental and
clinical studies. Eur J Endocrinol. 2012;166(6):1031-7. https://doi.org/10.1530/
EJE-11-0966. Epub 2012 Mar 23. PMID: 22447813.

Kim C, Lee JH, Choi YJ, Kim WB, Sung TY, Baek JH. Complications encountered
in ultrasonography-guided radiofrequency ablation of benign thyroid nod-
ules and recurrent thyroid cancers. Eur Radiol. 2017;27(8):3128-37. https://
doi.org/10.1007/500330-016-4690-y. Epub 2016 Dec 14. PMID: 27975148,
Cheng Z,CheY, Yu S,Wang S, Teng D, Xu H, Li J, Sun D, Han Z, Liang P. US-
guided percutaneous radiofrequency versus microwave ablation for benign
thyroid nodules: a prospective multicenter study. Sci Rep. 2017;7(1):9554.
https://doi.org/10.1038/541598-017-09930-7. PMID: 28842651; PMCID:
PM(C5573330.

Pelizzo MR, Toniato A, Gemo G. Zuckerkandl's tuberculum: an arrow pointing
to the recurrent laryngeal nerve (constant anatomical landmark). J Am Coll
Surg. 1998;187(3):333-6. https://doi.org/10.1016/51072-7515(98)00160-4.
PMID: 9740193.

Yun JS, Lee YS, Jung JJ, et al. The Zuckerkand!'s tubercle: a useful anatomical
landmark for detecting both the recurrent laryngeal nerve and the superior
parathyroid during thyroid surgery. Endocr J. 2008;55(5):925-30. https://doi.
0rg/10.1507/endocrj.k08e-132. Epub 2008 Jun 20. PMID: 18566518.
Zuckerkand! E. Nebst Bermerkungen Uber die Epithelkorperchen Des Men-
schen. Anat Hefte. 1902,LX1:61.

Gil-Carcedo E, Menéndez ME, Vallejo LA, Herrero D, Gil-Carcedo LM. The
Zuckerkandl tubercle: problematic or helpful in thyroid surgery? Eur Arch
Otorhinolaryngol. 2013;270(8):2327-32. https://doi.org/10.1007/500405-012-
2334-7.Epub 2013 Jan 12. PMID: 23315185.

Shoja MM, Tubbs RS, Loukas M, Shokouhi G, Jerry Oakes W. Emil Zuckerkandl
(1849-1910): anatomist and pathologist. Ann Anat. 2008;190(1):33-6. https://
doi.org/10.1016/j.aanat.2007.09.001. Epub 2007 Nov 8. Erratum in: Ann Anat.
2009;191(2):229. PMID: 18342140.

Freitas CAF, Paroni AF, Santos AN, Silva RJSD, Souza RO, Silva TFD, Levenhagen
MMMD. Can the Zuckerkandl tubercle assist in the location of the inferior
laryngeal nerve during thyroidectomies? Rev Col Bras Cir. 2019;46(4):e2249.
Portuguese, English. https://doi.org/10.1590/0100-6991e-20192249. PMID:
31508736.

Chiou HJ, Chou YH, Chiou SY, Liu JB, Chang CY. Peripheral nerve lesions: role
of high-resolution US. Radiographics. 2003;23(6):e15. https://doi.org/10.1148/
rg.e15. Epub 2003 Aug 25. PMID: 12939473,

Fornage BD. Peripheral nerves of the extremities: imaging with US. Radiology.
1988;167(1):179-82. https://doi.org/10.1148/radiology.167.1.3279453. PMID:
3279453.

Giovagnorio F, Martinoli C. Sonography of the cervical vagus nerve: normal
appearance and abnormal findings. AJR Am J Roentgenol. 2001;176(3):745-9.
https://doi.org/10.2214/ajr.176.3.1760745. PMID: 11222217.

Knappertz VA, Tegeler CH, Hardin SJ, McKinney WM. Vagus nerve imaging
with ultrasound: anatomic and in vivo validation. Otolaryngol Head Neck
Surg. 1998;118(1):82-5. https://doi.org/10.1016/50194-5998(98)70379-1.
PMID: 9450833.

He Y, LiZ Yang Y, Lei J, Peng Y. Preoperative visualized ultrasound assessment
of the recurrent laryngeal nerve in thyroid cancer surgery: reliability and risk
features by imaging. Cancer Manag Res. 2021;13:7057-66. PMID: 34531684;
PMCID: PM(8439442.

Gauger PG, Delbridge LW, Thompson NW, Crummer P, Reeve TS. Incidence
and importance of the tubercle of Zuckerkandl in thyroid surgery. Eur J Surg.
2001;167(4):249-54. https://doi.org/10.1080/110241501300091363. PMID:
11354315,

Yun JS, Lee YS, Jung JJ, Nam KH, Chung WY, Chang HS, Park CS. The Zucker-
kandl's tubercle: a useful anatomical landmark for detecting both the recur-
rent laryngeal nerve and the superior parathyroid during thyroid surgery.
Endocr J. 2008;55(5):925-30. https://doi.org/10.1507/endocrj.k08e-132. Epub
2008 Jun 20. PMID: 18566518.


https://doi.org/10.3322/caac.21660
https://doi.org/10.1148/radiol.15141492
https://doi.org/10.1089/thy.2010.0189
https://doi.org/10.1016/j.ejrad.2012.07.020
https://doi.org/10.1016/j.ejrad.2012.07.020
https://doi.org/10.2214/AJR.10.5172
https://doi.org/10.2214/AJR.10.5172
https://doi.org/10.1155/2013/428363
https://doi.org/10.1155/2013/428363
https://doi.org/10.1148/radiol.2513081740
https://doi.org/10.1016/j.juro.2008.05.012
https://doi.org/10.1148/radiol.2473070996
https://doi.org/10.1148/radiol.12111901
https://doi.org/10.1007/s00330-016-4528-7
https://doi.org/10.1007/s00330-016-4528-7
https://doi.org/10.1007/s00432-018-2607-7
https://doi.org/10.1080/02656736.2018.1453092
https://doi.org/10.1038/s41598-017-09930-7
https://doi.org/10.1007/s00432-018-2607-7
https://doi.org/10.1530/EJE-11-0966
https://doi.org/10.1530/EJE-11-0966
https://doi.org/10.1007/s00330-016-4690-y
https://doi.org/10.1007/s00330-016-4690-y
https://doi.org/10.1038/s41598-017-09930-7
https://doi.org/10.1016/s1072-7515(98)00160-4
https://doi.org/10.1507/endocrj.k08e-132
https://doi.org/10.1507/endocrj.k08e-132
https://doi.org/10.1007/s00405-012-2334-7
https://doi.org/10.1007/s00405-012-2334-7
https://doi.org/10.1016/j.aanat.2007.09.001
https://doi.org/10.1016/j.aanat.2007.09.001
https://doi.org/10.1590/0100-6991e-20192249
https://doi.org/10.1148/rg.e15
https://doi.org/10.1148/rg.e15
https://doi.org/10.1148/radiology.167.1.3279453
https://doi.org/10.2214/ajr.176.3.1760745
https://doi.org/10.1016/S0194-5998(98)70379-1
https://doi.org/10.1080/110241501300091363
https://doi.org/10.1507/endocrj.k08e-132

Hu et al. BMC Cancer

33.

34.

35.

36.

37.

(2024) 24:271

Pradeep PV, Jayashree B, Harshita SS. A closer look at laryngeal nerves
during thyroid surgery: a descriptive study of 584 nerves. Anat Res Int.
2012;2012:490390. https://doi.org/10.1155/2012/490390. Epub 2012 Jun 12.
PMID: 22737584; PMCID: PM(C3378964.

Guo XY, Xiong MX, Zhao Y, He FD, Cheng XQ, Wu YY, Chen K, Lu M. Com-
parison of the clinical effectiveness of ultrasound-guided corticosteroid
injection with and without needle release of the transverse carpal ligament
in carpal tunnel syndrome. Eur Neurol. 2017;78(1-2):33-40. https://doi.
0rg/10.1159/000477719. Epub 2017 Jun 7. PMID: 28586773.

Baek JH, Kim YS, Lee D, Huh JY, Lee JH. Benign predominantly solid

thyroid nodules: prospective study of efficacy of sonographically guided
radiofrequency ablation versus control condition. AJR Am J Roentgenol.
2010;194(4):1137-42. https;//doi.org/10.2214/AJR.09.3372. PMID: 20308523.
Baek JH, Moon WJ, Kim YS, Lee JH, Lee D. Radiofrequency ablation for the
treatment of autonomously functioning thyroid nodules. World J Surg.
2009;33(9):1971-7. https://doi.org/10.1007/500268-009-0130-3. PMID:
19575141.

Jeong WK, Baek JH, Rhim H, Kim YS, Kwak MS, Jeong HJ, Lee D. Radiofre-
quency ablation of benign thyroid nodules: safety and imaging follow-up in

38.

39.

Page 11 of 11

236 patients. Eur Radiol. 2008;18(6):1244-50. https://doi.org/10.1007/500330-
008-0880-6. Epub 2008 Feb 20. PMID: 18286289.

Chung SR, Suh CH, Baek JH, Park HS, Choi YJ, Lee JH. Safety of radiofrequency
ablation of benign thyroid nodules and recurrent thyroid cancers: a system-
atic review and meta-analysis. Int J Hyperth. 2017;33(8):920-30. Epub 2017
Jun 26. PMID: 28565997.

Wu F,Wu Q, XuW, Wu Z, Liu L, Zhou L. Leverage pry-off method for effec-
tive prevention of thermal injury during microwave ablation of benign
thyroid nodules. Nan Fang Yi Ke Da Xue Xue Bao. 2023;43(1):122-7. https://
doi.org/10.12122/j.issn.1673-4254.2023.01.17. PMID: 36856220; PMCID:
PMC9978732.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1155/2012/490390
https://doi.org/10.1159/000477719
https://doi.org/10.1159/000477719
https://doi.org/10.2214/AJR.09.3372
https://doi.org/10.1007/s00268-009-0130-3
https://doi.org/10.1007/s00330-008-0880-6
https://doi.org/10.1007/s00330-008-0880-6
https://doi.org/10.12122/j.issn.1673-4254.2023.01.17
https://doi.org/10.12122/j.issn.1673-4254.2023.01.17

	﻿Protect the recurrent laryngeal nerves in US-guided microwave ablation of thyroid nodules at Zuckerkandl tubercle: a pilot study
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Patient population
	﻿Voice evaluation
	﻿US-guided MWA procedure
	﻿Follow-up evaluation
	﻿Surgical procedure for patients with RLN invasion
	﻿Statistical analysis

	﻿Results
	﻿Ultrasound observation confirmation on patients with RLN invasion
	﻿Clinical characteristics of the study population with US-guided MWA
	﻿Ultrasound visualization results of RLN and ZTTN
	﻿Efficacy
	﻿Safety

	﻿Discussion
	﻿References


