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Clinical advantages and
neuroprotective effects of
monitor guided fang’s capillary
fascia preservation right RLN
dissection technique

Qian Shi †, Jiaqi Xu †, Jugao Fang*, Qi Zhong, Xiao Chen,
Lizhen Hou, Hongzhi Ma, Lin Feng, Shizhi He, Meng Lian
and Ru Wang

Department of Otorhinolaryngology Head and Neck Surgery, Beijing Tongren Hospital, Capital
Medical University, Beijing, China
Objective: To investigate the feasibility and advantages of Fang’s capillary fascia

preservation right recurrent laryngeal nerve (RLN) dissection technique (F-R-

RLN dissection) with preservation of the capillary network and fascia between

the RLN and common carotid artery for greater neuroprotective efficiency

compared with traditional techniques.

Methods: We retrospectively analyzed 102 patients with papillary thyroid

carcinoma undergoing right level VI lymph node dissection in our

department from March 2021 to January 2022. Sixty patients underwent F-

R-RLN dissection (the experimental group) and 42 patients underwent

standard dissection (the control group). The intraoperative electrical signal

amplitude ratios of the RLN, the number of dissected lymph nodes, and the

preservation rates of the parathyroid glands were recorded and compared

between the two groups.

Results: The electrical signal amplitude ratio of the lower neck part point of the

RLN to the upper laryngeal inlet point in the experimental group was significantly

lower than the ratio in the control group (p = 0.006, Z-score = -2.726). One

patient suffered transient RLN paralysis in both groups, but this resolved within 1

month after operation. There were no significant differences between the two

groups in terms of the number of level VIa or level VIb lymph nodes dissected,

nor in the rate of preservation of the parathyroid glands.

Conclusions: F-R-RLN dissection is a thorough dissection technique that is

effective at preventing an electrical signal amplitude decrease in the RLN, and at

preventing RLN paralysis by preserving its blood supply.

KEYWORDS

thyroid cancer, recurrent laryngeal nerve, neuroprotective, lymph node dissection,
parathyroid preservation
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Introduction

Papillary thyroid carcinoma accounts for more than 90% of

malignant thyroid tumors, and its incidence has been increasing

over recent decades (1). In spite of its indolent characteristics, it

has a propensity to spread to the lymph nodes, particularly those

in the level VI compartment (2). Due to the potential injury to

the right recurrent laryngeal nerve (RLN) (3), the best approach

to level VI lymph node dissection remains a debated issue. In

traditional lymph node dissection, the middle and lower parts of

the right cervical RLN are separated from surrounding tissues to

achieve adequate dissection of the lymph nodes posterior to the

nerve, which may cause interruption or even devascularization

of the RLN. Since March 2021, Monitor Guided Fang’s Capillary

Fascia Preservation Right RLN Dissection Technique (F-R-RLN

dissection) has been adopted by our department. In this

technique, the RLN is slightly spared laterally to facilitate both

exposure of the dissection area and preservation of the capillary

network adjacent to the RLN. This study aimed to investigate the

feasibility and advantages of F-R-RLN dissection compared with

the traditional level VI dissection method, which involves

dissecting the nerve circumferentially.
Materials and methods

Patients

A total of 102 patients with papillary thyroid carcinoma

requiring right level VI lymph node dissection fromMarch 2021

to January 2022 at the Department of Otolaryngology Head and

Neck Surgery in Beijing Tongren Hospital were retrospectively

included. The inclusion criteria were: (1) The invoked potential

signal ratio R1/R2d (distal R2: the R2 in the upper laryngeal inlet

part) was between 90 to 110%, which suggested the intubation

was correct, (2) the nerve monitoring circuit was integral, and

(3) they were not disturbed by muscle relaxants. The exclusion

criteria were: (1) confirmed invasion (established preoperatively

or intraoperatively) to the RLN or tracheoesophagus from the

primary tumor or the lymph nodes; (2) history of vocal cord

dysfunction; or (3) cases of papillary thyroid carcinoma relapse.

The study was approved by the ethics review board of the Beijing

Tongren Hospital, Capital Medical University, and all patients

signed informed consent.

Sixty patients underwent F-R-RLN dissection and 42

patients underwent traditional lymph node dissection. All

patients were treated by the same group of healthcare

practitioners, which included anesthetists, surgeons, and

laryngoscopy operators. Intraoperative neuromonitoring

(IONM) was conducted using the Medtronic Xomed NIM-

Response 3.0, with the electric current set to 2.0 mA. Surgery

was performed under general endotracheal anesthesia. An

injection of 0.2 mg/kg of Mivacron (muscle relaxant with
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effective maintenance time of about 20 minutes) was used for

induction of anesthesia and no additional muscle relaxant and

antagonist were administrated during surgery. We began to

measure R1 30-40 minutes after the induction of anesthesia to

reduce the disturbance of muscle relaxant. In all patients,

electrical signals from the vagus nerve and RLN were routinely

measured using the standard four-step (V1-R1-R2-V2) IONM

procedure (4, 5).
Surgical technique

Level VIb is primarily located in the area delineated by the

RLN and trachea. It has a triangular shape due to the anatomical

characteristics of the right RLN as it bends around the

subclavian artery, and the caudal side is adjacent to the

common carotid artery (Figure 1). Based on these anatomical

features, F-R-RLN dissection highlights that an adequate

exposure and dissection of the level VIb lymph nodes can be

achieved by slightly dislocating the RLN laterally to the surface

of the common carotid artery and dislocating the laryngeal body

to the left and upper side.

F-R-RLN dissection for the
experimental group

All surgeries commenced with routine incision of the skin

and subcutaneous tissue and freeing of the strap muscles to

expose the right lobe of the thyroid and right level VI lymphatic

connective tissue. Next, the central lymphatic fatty tissue

superior to the RLN was dissected en bloc; this included the

perithyroid, pretracheal, and tracheoesophageal groove lymph

nodes. The right level VIa dissection began from the level of the

hyoid bone and continued down to the level of the suprasternal

notch or the upper edge of the innominate artery. The area

extended laterally to the right common carotid artery and

medially to the paratracheal lymph nodes and was limited to

the level of the RLN. The right lymphatic fatty tissue inferior to

the RLN was identified and excised in an ipsilateral level VIb

dissection. In VIb dissection, the medial border was the trachea

and the lateral border was the inner edge of the common carotid

artery. The upper border was the entry site of the RLN into the

larynx and the lower border was the intersection of the

innominate artery and tracheoesophageal groove. The level

VIb dissection was posteriorly limited at the level of the

esophageal wall and superficially limited at the level of the RLN.

Electrical signals from the vagus nerve were recorded as V1.

The vagus nerve was inspected and exposed, the middle thyroid

vein was severed, and the ipsilateral thyroid lobe was raised to

the medial side. The inferior parathyroid gland and its vascular

supply were identified. The thyrothymic ligament was raised in a

fan shape, such that the vertex was formed by the inferior

parathyroid gland, while preserving the vascular pedicle of the

parathyroid gland. Next, the inferior parathyroid gland and its
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vascular supply were freed to the lateral inferior side. A probe

was inserted at the RLN in the tracheoesophageal groove at the

level of the inferior thyroid pole and R1 was recorded

(Figure 2A). The lymphatic connective tissue superficial to the

RLN was briefly inspected, after which the lateral border of

the level VIa area was incised and the area from the entrance of

the inferior thyroid artery into the thyroid to the caudal site

of the common carotid artery was dissected. At the caudal pole

of the common carotid artery, the RLN was commonly adherent

to the artery with less anatomical variation, which formed a

suitable starting point for RLN dissection. The RLN was gently

dislocated to the medial edge of the common carotid artery while

dislocating the larynx to the upper left for adequate exposure of

the right level VIb compartment. A meticulous level VIb

dissection was performed along the esophagus after removing

lymphatic fatty tissue. These tissue samples were preserved

(Figure 2B). Branches of the RLN were severed by surgical

scissors, which minimized potential electrical injury to the

stem by electric scalpels. A layer of thin fascia encasing the

capillaries of the RLN was then exposed between the RLN and

common carotid artery. The medial border of the level VIa

lymphatic connective tissue was separated along the tracheal

midline after dissection from the lateral wall of the trachea to its

midline (Figure 2C). The inferior limit was cut off at the level of

the suprasternal fossa. The prelaryngeal lymph nodes were then

meticulously dissected. The RLN was dissected upwards to its

entrance into the larynx, after which the thyroid lobe was

completely excised. The evoked potential R2 in the lower neck

part was defined as proximal R2 (R2p), and the evoked potential

R2 in the upper laryngeal inlet part was defined as distal R2
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(R2d) (Figure 2C). Additional tissue was excised based on the

tumor location and size (Table 1).

Conventional level VI dissection technique for
the control group

In the control group, the middle and lower two-thirds of the

right cervical RLN were separated from the surrounding tissue

circumferentially and moved upwards for adequate dissection of

the lymph nodes. Apart from the technique used for exposure of

the level VI compartment, the remaining surgical steps were

similar to those in the experimental group.
Data recorded

Evoked potentials V1, R1, R2p, R2d, and V2 were recorded for

all patients. R2p and R2d were recorded after level VI dissection.

The regression of neural electromyography (EMG) signals after

exposing the entire RLN was quantified by the ratio of R2p to R2d.

Postoperative vocal cord movement was also evaluated by

stroboscopy. The number of dissected lymph nodes en bloc in

levels VIa and VIb, the number of metastasized lymph nodes

according to pathological reports, the preservation rate of the

parathyroid glands in situ, and the changes in serum calcium and

parathyroid hormone before and after surgery were recorded. In

our study, hypoparathyroidism was defined as serum intact

parathyroid hormone (iPTH) < 15 ng/L (normal range: 15–65

ng/L) or postoperative clinical symptoms of hypocalcemia

(neuromuscular irritability including paresthesia, muscle cramps,

tetany, or seizures) with or without a serum calcium level of less
FIGURE 1

Course of the right recurrent laryngeal nerve (RLN): the right RLN runs obliquely with its inferior side closer to the common carotid artery. Level
VIb, limited by the nerve and trachea, is shaped as a triangle with its top on the upper side.
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than 2.0 mmol/L (8.0 mg/dL). Transient hypoparathyroidism was

defined as postoperative hypoparathyroidism lasting less than 6

months. Permanent hypoparathyroidism was defined as

postoperative hypoparathyroidism lasting more than 6 months (6).
Statistical analysis

SPSS 20.0 (Chicago, Illinois, USA) was used for statistical

analysis. Data on the number of dissected lymph nodes were

presented as medians (quartiles) because of their non-normal

distribution. Two independent sample t-tests or Mann-Whitney
Frontiers in Endocrinology 04
U tests were conducted to compare numeric variables. The

differences in categorical variables were analyzed with the

Pearson Chi-square test or Fisher’s exact test. P-values < 0.05

were labeled statistically significant.
Results

In theF-R-RLNdissection, theRLN ismildlydislocated andonly

the medial branches are severed. The capillary network encased by

fascia between the RLN and the common carotid artery is preserved.

Figure 3 shows the operative field after operation.
A

B

C

FIGURE 2

Technique of Fang’s capillary fascia preservation right recurrent laryngeal nerve (F-R-RLN) dissection. (A) Dissecting superficial lymph connective
tissue of RLN and cutting the lateral border of level VIa (the purple line in the figure). The green arrow points to the V1 electrical signal monitor
point from the vagus nerve and the yellow arrow points to the R1 electric signal monitor point from the RLN. (B) Sparing RLN laterally to the
superior and inner side of the common carotid artery and dissecting level VIb lymph connective tissue (the green line in the figure).
(C) Preserving the capillary network encased by the fascia between the RLN and the common carotid artery and dissecting level VI lymph
connective tissue (the red line in the figure). The blue arrow points to the R2d in the upper laryngeal inlet part. The purple arrow points to the
R2p in the lower neck part. Laryngeal body is dislocated to the left and upper side in order to expose level VIb and therefore the esophagus is
shifted to the right side of the trachea..
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Patients and disease characteristics

The baseline demographic and clinical characteristics of

patients are shown in Table 2. There were no significant

differences between the experimental and control groups in

gender, the number of primary lesions, the size of primary

lesions, T stage, N stage, invasion of strap muscles,

concomitant or not with Hashimoto’s thyroiditis, and

preferences for partial versus total thyroidectomy.
Variations in EMG signal amplitude

The R2p/R2d ratio was categorized into three levels (>90%, 50%

~90%, <50%), and patients in both the control and experimental
Frontiers in Endocrinology 05
groups were divided into these 3 subcategories. The cases of each

subcategory, their percentages in the total cases, and theprevalenceof

vocal cord dysfunction in each subgroup were recorded (Table 3).

There were significant differences between the control and

experimental groups in terms of EMG amplitude changes (the

non-parametric Mann-Whitney test, p = 0.006, Z-score = -2.726).

In one patient in the experimental group, R2p and V2 were lost

during surgery in spite of a complete RLN stem. The patient

experienced hoarseness on the first postoperative day, and

subsequent laryngoscopy showed that his right vocal cord was

fixed at the paramedian position. His vocal cord movement and

phonation recovered 1 month after surgery. The rate of transient

RLN paralysis in the experimental group was 1.7%. In the control

group, one patient also experienced signal loss of R2p andV2 in spite

of an apparently intact RLN trunk. Similar to the patient in the
FIGURE 3

Operative field after Fang’s capillary fascia preservation right recurrent laryngeal nerve (F-R-RLN) dissection technique: the capillary network
encased by fascia between the RLN and the common carotid artery and the branches of RLN running laterally are preserved.
TABLE 1 The procedure during Fang’s capillary fascia preservation right recurrent laryngeal nerve (F-R-RLN) dissection technique.

Steps Operation

Step 1 Initial vagal nerve stimulation (V1)

Step 2 RLN stimulation at the level of the inferior thyroid pole (R1)

Step 3 Incision of the lateral border of the level VIa area

Step 4 Dislocation of the RLN to the medial edge of the common carotid artery

Step 5 Dislocation of the larynx to the upper left for complete exposition of the VIb level

Step 6 Dissection of the VIb level along the esophagus

Step 7 Preservation of the thin fascia encasing the capillaries of the RLN between the RLN and common carotid artery

Step 8 Separation of the medial and inferior border of the level VIa along the trachea

Step 9 Dissection of the prelaryngeal lymph nodes

Step 10 Dissection of the RLN to its entrance into the larynx and excision of the thyroid lobe

Step 11 Stimulation of the RLN in the lower neck part (R2p) and the upper laryngeal inlet part (R2d), as well as stimulation of the vagal nerve (V2)
The bold words show the key steps in the procedure.
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experimental group, hoarseness andvocal cordfixationwasobserved

on the first postoperative day, which resolved 1month after surgery.
Number of dissected lymph nodes and
metastasis rate

There were no significant differences between the experimental

and control groups in the number of dissected lymph nodes and the

metastasis rate. In the experimental group, the overall number of

dissected level VI lymph nodes was significantly larger compared
Frontiers in Endocrinology 06
with the number in the level VIa area, which indicated that enough

VIb lymph nodes were dissected in the experimental group and F-

R-RLN dissection technique might help to dissect the level VI

lymph nodes thoroughly (Tables 4, 5).

Preservation of the right inferior
parathyroid gland

In F-R-RLN dissection, the protection of the parathyroid

gland is initiated prior to the dissection. The inferior parathyroid
TABLE 3 Variation of recurrent laryngeal nerve (RLN) signal amplitude and vocal cord movement after level VI lymph node dissection.

R2p/R2d Experimental group Control group

Case of RLN Ratio (%) Vocal cord dysfunction Case of RLN Ratio (%) Vocal cord dysfunction

Group 1 >90% 38 63.3 (38/60) 0 15 35.7 (15/42) 0

Group 2 50%~90% 20 33.3 (20/60) 0 24 57.1 (24/42) 0

Group 3 <50% 2 3.3 (2/60) 1 3 7.1 (3/42) 1
R2p, proximal R2, RLN signal amplitude in the lower neck part after dissection; R2d, distal R2, RLN signal amplitude in the upper laryngeal inlet part after dissection.
TABLE 2 Patients and disease characteristics between two groups.

Experimental Group (n=60) Control Group (n=42) P-Value

Gender 0.670

Male 19 15

Female 41 27

Number of lesions 0.111

Single 32 29

Multifocal 28 13

The size of primary lesions* 0.254

<1cm 27 20

1-2cm 21 8

2-4cm 7 9

>4cm 5 5

N stage 0.650

N0 27 17

N1* 33 25

< 0.5cm 25 20

0.5-1.0cm 5 3

>1.0cm 3 2

Hashimoto’s Thyroiditis 0.283

Yes 17 8

No 43 34

Invasion of strap muscles 1.000

Yes 3 2

No 57 40

Surgical Procedure 0.924

Right lobe and isthmus
+ right level VI dissection

28 20

Total thyroidectomy + bilateral level VI
dissection

32 22
frontie
*The size of primary lesions was the greatest diameter of a primary lesion diagnosed by pathology (the greatest diameter if multifocal). The patients with N1 were stratified according to the
maximum diameter of the invaded lymph nodes in the right level VI.
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glands are initially inspected after raising the right thyroid lobe.

If the parathyroids are clearly exposed and the blood supply can

be identified, the sternothyroid ligament is moved outwards and

downwards, creating a fan-like shape, in which the vertex is

formed by the parathyroid glands and the pedicle is formed by

the parathyroid blood vessels (Figure 4).
No significant differences were demonstrated between the

two groups in terms of the in-situ preservation rates,

implantation rates, or total detection rates of the right inferior

parathyroid gland: these were 76.6% (46/60), 16.6% (10/60), and
Frontiers in Endocrinology 07
93.3% (56/60), respectively, for the experimental group and

78.6% (33/42), 11.9% (5/42), and 90.6% (38/42), respectively,

for the control group. For patients undergoing total

thyroidectomy, postoperative transient hypoparathyroidism

occurred in nine cases in the experimental group (28.1% or 9/

32) and in five cases in the control group (22.7% or 5/22). There

were no significant differences between the two groups.

Permanent hypoparathyroidism was not reported in

either group.
Discussion
Papillary thyroid carcinoma has a predilection to metastasize

to the cervical lymph nodes. One of the most common

compartments of cervical lymph node metastasis is level VI

(7), where the prevalence of metastasis can reach 47.6%, even in

thyroid microcarcinoma (8). Additionally, occult metastasis to
A B

FIGURE 4

Preservation of inferior parathyroid gland during Fang’s capillary fascia preservation right recurrent laryngeal nerve (F-R-RLN) dissection
technique. (A) Inspect the inferior parathyroid glands (the white arrow) and its blood supply (blue arrow) after raising the lobe. (B) Protect and
raise sternothyroid ligament outwards and downwards, creating a fan-like shape, in which the vertex is formed by the parathyroid and the
parathyroid blood vessels; the sternothyroid ligament is intact. Black arrow: the right lobe of thyroid; white arrow: the inferior right parathyroid
gland; blue arrow: the blood supply of parathyroid gland; yellow arrow: the recurrent laryngeal nerve (RLN).
TABLE 4 Dissected lymph nodes in level VI.

Experimental group Control group P-value of Medians

Q1 Median (Min-max) Q3 Q1 Median (Min-max) Q3

lymph nodes in level VIa 4 6 (1-22) 8 3 4.5 (1-13) 6 0.513

lymph nodes in level VIb 1 2.5 (0-8) 4 1 3 (0-8) 3 0.699
Lymph nodes in level VIa and VIb were represented by their respective medians. Q1: the first quartile; Q3: the third quartile. Min: the minimal number of lymph nodes dissected in the level
VIa and VIb groups; Max: the maximal number of lymph nodes dissected in the level VIa and VIb groups.
TABLE 5 Level VI lymph node metastasis ratio.

Experimental group Control group

level VIa metastasis 55.0% (33/60) 40.5% (17/42)

level VIb metastasis 15% (9/60) 11.9% (5/42)
Level VIa and VIb metastasis rates were calculated by the ratio of patients for whom
lymph node metastasis occurred to the total number of patients in each group.
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level VI lymph nodes can be detected by pathology in 50% of

patients who have no radiological evidence of lymph node

metastasis before surgery (9). It has been suggested that

cervical central lymph node metastasis is closely associated

with both local recurrence and with the occurrence of lymph

node metastasis after initial cancer surgery (10). Postoperative

recurrence and level VI lymph node metastases increase the

likelihood of impacting the adjacent nerves and parathyroid

glands during re-operation because of adhesion, indistinct

anatomic structure, and scarring from the initial operation.

Given the high prevalence and detrimental effect of level VI

lymph node invasion, an adequate dissection of the level VI

lymph nodes is of great importance.

The indications for prophylactic central neck dissection

(pCND) remain controversial. The guidelines in Europe and

America recommend that pCND should be performed primarily

in patients with stage T3, T4, and cN1b carcinoma (11). In China

and Japan, pCND is performed routinely, based on the rationale

that 50% of occult cervical lymph node metastases are missed

during preoperative examination but detected postoperatively,

which in turn impacts staging and postoperative management

(12). In particular, the guidelines in China emphasize

parathyroid and RLN preservation, and concomitant ipsilateral

pCND, to reduce the risk of postoperative complications and to

improve quality of life (13).

Since the cervical esophagus is mainly located on the left,

there is minimal lymphatic and connective tissue posterior to the

left RLN. Conversely, on the corresponding area on the right,

posterior to the RLN, anterior to the prevertebral fascia, and

superficial to the esophagus, lymphatic and fatty tissue of the

level VIb can be found. The morbidity of level VIb lymph node

metastasis in patients with recurrence is reportedly significantly

higher than the morbidity of patients who are undergoing

surgery for the first time (12). In our study, patients with level

VIb lymph node metastasis accounted for 13.7% of the total

cohort (14/102) (14), which is consistent with the range reported

in the literature (7.0% to 27.03%) (15). However, level VIb

lymph node dissection is complex and may induce several

complications. An inadequate dissection will enhance

operative difficulties, increase the risk of injury to the RLN

and parathyroid glands during surgery, and delay the

opportunity for radical excision (16). It is therefore crucial to

develop an efficient and thorough technique for level VIb lymph

node dissection.

In conventional level VI dissection, especially dissection in

the level VIb area, the middle and lower two-thirds of the right

RLN are routinely mobilized circumferentially (17), and the

medial and lateral lymphatic connective tissue around the RLN

are dissected (18). Excessive mobilization of the RLN may

increase the risk of injury to it, by way of physical injury from

repeated traction (19), via electrical injury by electric currents

during the severing of the tracheoesophageal branches (20), or

by neural degeneration and necrosis by devascularization (5).
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As for the number of dissected lymph nodes, our study

compared the F-R-RLN dissection with the conventional

dissection technique and found that there were no significant

differences between the experimental and control groups in

terms of the number of dissected lymph nodes in the level VIa

and VIb compartments, or in the relative incidence of

metastasis. In the experimental group, the median number of

dissected level VIa lymph nodes was 6 and the median number

of dissected level VIb lymph nodes was 2.5, which is in

accordance with the literature (17). The number of level VI

lymph nodes dissected en bloc in the experimental group was

significantly greater than the number of lymph nodes obtained

from simple level VIa dissection (Z-score = -3.080, p = 0.002),

which implies that F-R-RLN dissection can achieve thorough

level VIb dissection.

Apart from the complete dissection of lymphatic connective

tissue, some other benefits might be associated with F-R-RLN

dissection, as well. Firstly, injury to the RLN caused by repeated

traction is avoided by slightly sparing the RLN laterally.

Secondly, the RLN branches are preserved as much as

possible, with only the medial tracheoesophageal branch

sacrificed. Thirdly, the blood supply is preserved by

maintaining a thin layer of connective tissue between the RLN

and common carotid artery, which encases the vasculature

(Figure 3). The incidence of transient vocal cord dysfunction

after level VIb lymph node dissection was 7.4% according to the

literature (6). The incidence in the experimental group in our

study was 1.7% (1/60), and it was completely resolved 1 month

after surgery. A possible explanation is that an esophageal

branch of the RLN was accidentally severed by the bipolar

electric scalpel 3 mm away from the RLN trunk during level

VIb dissection. The degree of signal amplitude loss as quantified

by R2p/R2d in the experimental group was significantly lower

compared to the degree of signal amplitude loss in the control

group. The ratio exceeded 90% in 63.3% of patients in the

experimental group, which represented a significant

improvement compared with the results from patients

undergoing the traditional dissection technique (35.7%).

According to the literature data (21), there is a close

correlation between an intraoperative decrease in the RLN

electrical signal amplitude and postoperative RLN paralysis

(22). The results of our study show that F-R-RLN dissection

helps to protect the RLN and mitigate the risk of nerve signal

interruptions. However, there was no significant difference

between the two groups in the incidence of transient vocal

cord dysfunction. There was just one case of vocal cord

dysfunction in each group. It is difficult to interpret this

finding due to the low sample size and the fact that our

surgeons were highly skilled. A larger sample size may be

needed to substantiate our findings.

Regarding the protection offered to the parathyroid gland, this

was initiated prior to the dissection. If the parathyroids were in their

usual site, the parathyroid glands and the pedicle of the blood
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vessels were preserved in situ (Figure 4). However, if the

parathyroid glands could not be clearly exposed, the

sternothyroid ligament was still raised because there were no

lymph nodes evident in the ligament, representing vestigial tissue

from embryogenesis (23). In some cases, the parathyroid glands

could be detected after elevating the ligament. The glands were

preserved in the same way as described above. It has been reported

that the incidence of transient and permanent hypoparathyroidism

ranges from 14 to 60% and 4 to 11%, respectively (24). The

incidence of unintentional parathyroidectomy ranges from 3.7%

to 29.0% in the literature (25). In our study, the preservation rate of

the parathyroid glands was 76.6% (46/60), and the incidence of

unintentional parathyroidectomy was 6.7%, which is in line with

previous reports. For patients undergoing total thyroidectomy in

the experimental group, the incidence of postoperative transient

hypoparathyroidism was 28.1% (9/32), and no permanent

hypoparathyroidism occurred. There were no significant

differences between the experimental and control groups in the

rates of in situ preservation, transplantation, detection, or

hypoparathyroidism, which suggests that F-R-RLN dissection is

an effective method for parathyroid preservation.

The chylous leakage usually occurs after left level IV

dissection and seldom happens after left or right level VI

dissection. In our research, all patients underwent right level

VI dissection and there were no cases of chylous leakage.

Chylous leakage should be noted as a possible complication

after level VI lymph node dissection due to aberrant drainage.
Conclusion

MonitorGuidedFang’sCapillary Fascia PreservationRightRLN

Dissection Technique offers some advantages over conventional

techniques, including more thorough exposure and dissection of

the level VI lymph nodes while preserving the RLN. This novel

method can avoid excessive dissection of the RLN, reduce the

probability of thermal injuries, and protect the blood supply to the

RLN, which might decrease the incidence of postoperative

complications and might improve surgical safety outcomes.
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8. Simó R, Nixon I, Rovira A, Vander Poorten V, Sanabria A, Zafereo M, et al.
Immediate intraoperative repair of the recurrent laryngeal nerve in thyroid surgery.
Laryngoscope (2021) 131(6):1429–35. doi: 10.1002/lary.29204

9. Joliat GR, Guarnero V, Demartines N, Schweizer V, Matter M. Recurrent
laryngeal nerve injury after thyroid and parathyroid surgery incidence and
postoperative evolution assessment. Medicine (2017) 96(17):e6674. doi: 10.1097/
MD.0000000000006674

10. Cirocchi R, Arezzo A, D'Andrea V, Abraha I, Popivanov GI, Avenia N, et al.
Intraoperative neuromonitoring versus visual nerve identification for prevention of
recurrent laryngeal nerve injury in adults undergoing thyroid surgery. Cochrane
Database Systematic Rev (2019) 1:Cd012483. doi: 10.1002/14651858.
CD012483.pub2

11. Liu ZM, Wang LQ, Yi PF, Wang CY, Huang T. Risk factors for central
lymph node metastasis of patients with papillary thyroid microcarcinoma: a meta-
analysis. Int J Clin Exp Pathol (2014) 7(3):932–7.

12. Grodski S, Cornford L, Sywak M, Sidhu S, Delbridge L. Routine level VI
lymph node dissection for papillary thyroid cancer: surgical technique. ANZ J
Surgery (2007) 77(4):203–8. doi: 10.1111/j.1445-2197.2007.04019.x

13. Canu GL, Medas F, Conso G, Boi F, Calò PG. Is prophylactic central neck
dissection justified in patients with cN0 differentiated thyroid carcinoma? an
Frontiers in Endocrinology 10
overview of the most recent literature and latest guidelines. Annali Italiani di
Chirurgia (2020) 91(5):451–7.

14. Haugen BR. 2015 American Thyroid association management guidelines for
adult patients with thyroid nodules and differentiated thyroid cancer: What is new
and what has changed? Cancer (2017) 123(3):372–81. doi: 10.1002/cncr.30360

15. Lallemant B, Reynaud C, Alovisetti C, Debrigode C, Ovtchinnikoff S,
Chapuis H, et al. Updated definition of level VI lymph node classification in the
neck. Acta Oto-Laryngologica (2007) 127(3):318–22. doi : 10.1080/
00016480600806299

16. Ito Y, Miyauchi A, Oda H, Masuoka H, Higashiyama T, Kihara M, et al.
Appropriateness of the revised Japanese guidelines' risk classification for the
prognosis of papillary thyroid carcinoma: A retrospective analysis of 5,845
papilla y thyroid carcinoma patients. Endocrine J (2019) 66(2):127–34. doi:
10.1507/endocrj.EJ17-0061

17. Luo DC, Xu XC, Ding JW, Zhang Y, Zhang W. Clinical value and indication
for the dissection of lymph nodes posterior to the right recurrent laryngeal nerve in
papillary thyroid carcinoma. Oncotarget (2017) 8(45):79897–905. doi: 10.18632/
oncotarget.20275

18. Roman BR, Randolph GW, Kamani D. Conventional thyroidectomy in the
treatment of primary thyroid cancer. Endocrinol Metab Clinics North America
(2019) 48(1):125–41. doi: 10.1016/j.ecl.2018.11.003

19. More Y, Shnayder Y, Girod DA, Sykes KJ, Carlisle MP, Chalmers B, et al.
Factors influencing morbidity after surgical management of malignant thyroid
disease. Ann Otology Rhinol Laryngol (2013) 122(6):398–403. doi: 10.1177/
000348941312200609

20. Das AT, Prakash SB, Priyadarshini V. Outcomes of capsular dissection
technique with use of bipolar electrocautery in total thyroidectomy: a rural tertiary
center experience. J Clin Diagn Res JCDR. (2016) 10(12) Mc01–03. doi: 10.7860/
JCDR/2016/24201.8975

21. Schneider R, Randolph GW, Sekulla C, Phelan E, Thanh PN, Bucher M,
et al. Continuous intraoperative vagus nerve stimulation for identification of
imminent recurrent laryngeal nerve injury. Head Neck-Journal Sci Specialties
Head Neck (2013) 35(11):1591–8. doi: 10.1002/hed.23187

22. Phelan E, Schneider R, Lorenz K, Dralle H, Kamani D, Potenza A, et al.
Continuous vagal IONM prevents recurrent laryngeal nerve paralysis by revealing
initial EMG changes of impending neuropraxic injury: A prospective, multicenter
study. Laryngoscope. (2014) 124(6):1498–505. doi: 10.1002/lary.24550

23. Chang H, Na YR, Seok-Mo K, Bup-Woo K, Sang LY, Chul LS, et al. The
clinical significance of the right para-oesophageal lymph nodes in papillary thyroid
cancer. Yonsei Med J (2015) 56(6):1632–7. doi: 10.3349/ymj.2015.56.6.1632

24. Marcinkowska M, Sniecikowska B, Zygmunt A, Brzezinski J, Dedecjus M,
Lewinski A. Postoperative hypoparathyroidism in patients after total
thyroidectomy - retrospective analysis. Neuroendocrinol Letters (2017) 38
(7):488–94.

25. Manouras A, Markogiannakis H, Lagoudianakis E, Antonakis P, Genetzakis
M, Papadima A, et al. Unintentional parathyroidectomy during total
thyroidectomy. Head Neck-Journal Sci Specialties Head Neck (2008) 30(4):497–
502. doi: 10.1002/hed.20728
frontiersin.org

https://doi.org/10.1073/pnas.0802682105
https://doi.org/10.21037/gs.2017.05.07
https://doi.org/10.1245/s10434-018-6528-0
https://doi.org/10.1016/j.oraloncology.2020.104617
https://doi.org/10.1016/j.oraloncology.2020.104617
https://doi.org/10.1016/j.surg.2008.02.006
https://doi.org/10.1111/cen.13476
https://doi.org/10.1186/s12957-020-01867-y
https://doi.org/10.1002/lary.29204
https://doi.org/10.1097/MD.0000000000006674
https://doi.org/10.1097/MD.0000000000006674
https://doi.org/10.1002/14651858.CD012483.pub2
https://doi.org/10.1002/14651858.CD012483.pub2
https://doi.org/10.1111/j.1445-2197.2007.04019.x
https://doi.org/10.1002/cncr.30360
https://doi.org/10.1080/00016480600806299
https://doi.org/10.1080/00016480600806299
https://doi.org/10.1507/endocrj.EJ17-0061
https://doi.org/10.18632/oncotarget.20275
https://doi.org/10.18632/oncotarget.20275
https://doi.org/10.1016/j.ecl.2018.11.003
https://doi.org/10.1177/000348941312200609
https://doi.org/10.1177/000348941312200609
https://doi.org/10.7860/JCDR/2016/24201.8975
https://doi.org/10.7860/JCDR/2016/24201.8975
https://doi.org/10.1002/hed.23187
https://doi.org/10.1002/lary.24550
https://doi.org/10.3349/ymj.2015.56.6.1632
https://doi.org/10.1002/hed.20728
https://doi.org/10.3389/fendo.2022.918741
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Clinical advantages and neuroprotective effects of monitor guided fang’s capillary fascia preservation right RLN dissection technique
	Introduction
	Materials and methods
	Patients
	Surgical technique
	F-R-RLN dissection for the experimental group
	Conventional level VI dissection technique for the control group

	Data recorded
	Statistical analysis

	Results
	Patients and disease characteristics
	Variations in EMG signal amplitude
	Number of dissected lymph nodes and metastasis rate
	Preservation of the right inferior parathyroid gland

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


